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BIST.  STATEMENT: 

ABSTRACT: 

are  being  used,  the  organization  and  missions  of  the  Air  Force  Materials 
Lab  are  described.  As  expected,  the  more  research  and  development-oriented 
groups  were  heavy  users.  Statistics  on  data  base  use  showed  that  Govern- 
ment Reports  available  through  NTIS  represented  the  most  frequently  used 
data  base.  The  role  of  the  information  specialist  in  interacting  with  the 
end  user  is  very  important.  As  a result  of  increased  literature  searching 
activity  and  the  subsequent  demand  for  original  items,  the  MDC  has  estab- 
lished a small  technical  library  with  some  key  periodicals,  reference 
books,  and  special  technical  bulletins,  etc.,  to  serve  better  the  needs  of 
the  AFML  personnel. 
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AN  ANALYSIS  OF  THE  USE  OF  AVAILABLE  ON-LINE  TECHNICAL 
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T.G.  Purnhagen 

Internal 

AFML/DO 

T.G.  Purnhagen  (AFML/DOC) 

7381 
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Approved  for  public  release;  distribution  unlimited. 
Abstracts  of  Air  Force  Materials  Laboratory  Contracts 
on  05  February  1976  are  reported.  The  abstracts  are  in- 


dexed by  contractor,  contract  number,  and  project  task  nmber.  Each  ab- 
stract entry  provides  the  tit.'  of  the  contract,  contractor,  duration, 
AFML  project  engineer,  objective  and  progress  or  approach  in  the  case  of 
new  contracts  where  there  is  no  progress  to  report  yet. 
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and  weight  configurations  for  simple  structural  configixrations  which  are 
representative  of  "real  world"  structures,  over  practical  range  of  load- 
ings. Aluminum  and  hybrid  and  single-fiber  laminates  are  the  candidate 
materials.  Materials  costs,  manufacturing  cost^  and  premiums  are  all 
treated  as  variables  in  this  design  study.  The  results  can  be  applied 
to  a broad  range  of  problems  of  interest  for  the  dual  purposes  of  (l)  estab- 
lishing cost-performance  randing  of  a particular  hybrid  system  in  a prelim- 
inary design  fashion  for  a specific  structural  application  and  loading  and 
{ 2)  providing  guidance  for  developing  additional  improved  material  systems 
and  hybrid  laminate  configurations. 
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EVALUATION  OF  HYBRID  COMPOSITE  MATERIALS 

S.V.  Kulkarni,  B.W.  Rosen  and  H.C.  Boehm 

F336l5-T^-C-51Tlt 
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Approved  for  public  release;  distribution  unlimited. 
A methodology  is  presented  to  obtain  minimum  cost 
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E . H . Swazey 
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S.  Litvak  (AFML/LC) 
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N/A 

U.S.  Govt.  Agencies  Only 

This  report  contains  results  of  resin/hardener  char- 


acterization and  the  investigative  methods  used,  the  fabrication  of  two 


subcomponent  molds  made  directly  on  a conventional  template/gypsum  master- 


form.  The  fabrication  and  verification  of  a full-scale  graphite-epoxy 
sandwich- type  tool  is  summarized.  The  report  also  includes  the  evaluation 
of  two  full-scale  components  and  a production  analysis  for  a complete  fuse- 
lage including  the  numbers  and  types  of  tools  required  in  quantity  produc- 
tion. There  is  also  a summary  of  accomplishments  which  is  a detailed 
description  of  the  applications  of  the  established  process  to  other  AFML 


contracts. 
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TITLE:  DEVELOPMENT  OF  IMPROVED  ENVIRONMENTAL  RESISTANT 

ORGANIC-REINFORCED  MATERIALS  SYSTEMS 
AIITHOR(S):  M.G.  Maximovich 

CONTRACT  NO:  F336l5-Tit-C-51^2 

CONTRACTOR:  Aerotherm  Division 

PROJECT  MONITOR:  G.D.  Hollingsworth  (AFML/LC ) 

PROJECT  NO:  69CW01 
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DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  Commerically  available  matrix  resins  were  identified 

and  a list  of  resin  criteria  along  with  target  goals  for  properties  and 
performance  was  established.  A screening  program  consisting  of  dimensional 
change  measurements,  water  pickup  determinations,  and  TMA  curves  before  and 
after  2l|-hour  boil  was  run  on  a series  of  castings  and/or  moldings  prepared 
from  the  various  candidate  resins.  Several  systems  emerged  which  exhibited 
moisture  resistance  superior  to  that  of  commercially  available  epoxy  sys- 
tems. Process  and  cure  studies  were  carried  out  on  glass  reinforced  lam- 
inates which  also  exhibited  excellent  moisture  resistance.  Prepreg  param- 
eter and  compatibility  studies  along  with  tape  and  laminate  fabrication 
and  testing  were  carried  out  on  the  most  promising  candidate  systems. 

Severe  difficulties  were  finally  encountered  in  achieving  both  high  quality 
laminates  and  adequate  performance  at  elevated  temperature.  The  diffi- 
culties were  identified  and  alternate  means  of  overcoming  these  problems 
were  suggested. 
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TITLE:  ADVANCED  DEVELOPMENT  OF  CONCEPTUAL  HARDWARE  - 

FUSELAGE 

AUTHORCS):  R.L.  Carri 
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PROJECT  MONITOR:  W.J.  Schulz  (AFML/LC ) 

PROJECT  NO:  2105 

TASK  NO:  210501 

DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  The  objective  of  the  program  was  to  validate  the 

feasibility  of  using  metal  matrix  composites  for  fuselage  components  of 
the  B-1  aircraft.  The  B/Al  and  Be/Ti  coupon  and  element  tests  showed  that 
the  materials  were  of  structural  grade  with  the  repeatability  needed  for 
strength  critical  structures.  The  subcomponent  testing  proved  that  the 
B/Al  skin  has  satisfactory  post-buckling  strength  and  that  the  overall  de- 
sign easily  satisfies  the  fatigue  resistance  needed  for  the  intended  appli- 
cation. The  final  component  failed  at  109^  of  design  limit  load  under  com- 
bined shear  and  pressure  loading.  The  failure  analysis  indicated  the 


AFML/LC 

failure  resulted  from  both  a material  deficiency  and  a lower  than  anticipated 
buckling  load.  Premature  buckling  occurred  due  to  the  inability  of  local  pads 
to  simulate  a uniform  pressure  distribution. 
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TITLE:  EVALUATION  OF  HYBRID  COMPOSITES 

AUTHOR(S):  J.T.  Hoggatt  and  A.L.  Dobyns 

CONTRACT  NO:  F336l5-7l*-C-507U 

CONTRACTOR : Boeing 

PROJECT  MONITOR:  G.D.  Hollingsworth  ( AFML/LC ) 

PROJECT  NO:  69CWOI 

TASK  NO:  N/A 

DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  This  was  a two-phased  program  aimed  at  deriving  use- 

ful engineering  and  design  data  on  hybrid  composite  systems  which  were  op- 
timized for  both  cost  and  particular  engineering  property.  I6  different 
hybrid  composite  systems  were  analytically  derived  for  evaluation.  Each 
system  was  then  evaluated  in  three  different  laminate  configurations  to 
provide  a basis  for  assessing  the  acciiracy  and  validity  of  the  available 
laminate  analysis  techniques.  The  U8  laminates  were  assessed  for  cost  and 
mechanical  properties  (tension,  compression,  eind  shear).  Select  systems 
were  evaluated  for  fatigue  properties,  thermal  expansion,  thermal  shock, 
moisture  stability,  and  crack  propagation.  This  program  demonstrated  that 
hybridizing  high  modulus  reinforcing  fibers  with  lower  cost  reinforcements 
was  a viable  approach  to  low  cost  composite  structures. 
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TITLE:  THE  RETARDATION  OF  CRACK  PROPAGATION  FOR  HIGH  STRENGTH, 

LOW  ALLOY  STEELS  IN  AQUEOUS  MEDIA  BY  ADDITION  OF 
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AUTHOR(S):  P.A.  Parrish 

CONTRACT  NO:  Internal 

CONTRACTOR:  AFML/LLN 

PROJECT  MONITOR:  P.A.  Parrish  (AFML/LLN) 

PROJECT  NO:  7351 

TASK  NO:  735106 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  Oxidizing  inhibitors  can  be  utilized  to  retard  crack 

growth  in  high  strength,  low  alloy  martensitic  steels  in  aqueous  solution. 
Artificial  crevice  cell  and  crack  tip  pH  measurements  have  shown  that  condi- 
tions favorable  for  hydrogen  embrittlement  of  the  steel  exist  in  propagating 
cracks.  Hydrazine  was  effective  in  reducing  the  crack  growth  rate  by  one  order 
of  magnitude  for  d6  AC  in  aqueous  solution.  Sodium  dichromate  was  also  effec- 
tive in  reducing  crack  growth  rates  in  aqueous  solution. 
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REPORT  NO:  AFML-TR-7U-191  AD  A031  77*+ 

ACCESS  NO:  20*t,525  July  1976 

TITLE:  DAMPING  IN  PORCELAIN  ENAMEL  COATINGS 

AUTHOR(S):  P.I.  Sridharan 

CONTRACT  NO:  F33615-72-C-1315 

CONTRACTOR:  University  of  Minnesota 

PROJECT  MONITOR:  J.P.  Henderson  ( AFML/LLN ) 

PROJECT  NO:  7351 

TASK  NO:  735106 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  Equipment  was  developed  and  tested  which  was  used  for 

measuring  the  complex  elastic  modioli  of  thin  porcelain  enamel  coatings  at  tem- 
peratures where  they  became  very  soft.  Previous  work  has  been  done  in  glasses, 
almost  exclusively  at  relatively  low  temperatures,  to  measure  the  effects  of 
ionic  diffusion  or  other  chemical  activation  changes  or  at  high  temperatures 
where  one  is  dealing  with  a melt.  Measurements  from  10^  to  10l2  poise  have  been 
conducted  mainly  for  production  control  and  have  relied  on  standard  tests.  The 
present  work  shows  how  the  storage  and  loss  portions  of  the  shear  and  Young's 
modulus  can  be  measured  directly  as  functions  of  temperature  and  frequency  and 
proposes  a general  relation  which  depends  only  on  the  room  temperature  modulus, 
the  activation  energy,  the  critical  temperature,, and  one  other  parameter  which 
gives  the  relaxation  spectrum  bandwidth. 
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FILLED  BILLET  OXIDE  DISPERSION  STRENGTHENED  HOLLOW 
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An  yttria-strengthened,  mechanically  attributed  nickel- 
chromium-aluminum  powder,  HDA  8077,  (Ni-l6Cr-iiAl-l, 5Y2O3  nominal  composition) 
was  extruded  with  no  prior  consolidation  into  tubes  and  thin-wall  hollow  air- 
foils. Through  metallography,  physical  and  mechanical  property  determination, 
and  elevated  temperature  dynamic  oxidation  tests,  it  was  determined  that  strong, 
corrosion-resistant,  net  airfoil  shapes  could  be  made  directly  from  powder  by 
the  filled  billet  extrusion  technique.  Process  scale-up  recommendations  for 
larger  airfoils  are  included. 
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AERODYNAMIC  ENHANCEMENT  OF  LASER  DAMAGE  TO  TITANIUM  ALLOYS 
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The  aerodynamic  enhancement  of  laser  damage  to  titanium 
alloys  has  been  studied  both  experimentally  and  theoretically.  Spot  size,  power 
density  and  aerodynamic  effects  of  laser  damage  in  the  laminar  flow  regime  have 
been  studied.  Weight  loss  measurements  have  shown  that  the  major  melt  removal 
is  dominated  by  the  downstream  motion  of  the  viscous  melt  over  the  surface  and 
not  by  droplet  and  "spray"  formation  into  the  flow.  Some  alloy  effects  have 
been  observed  and  some  emission  spectra  taken  during  ignition.  Spatially 
separated  thermocouple  measurements  were  also  recorded.  The  first  quantitative 
and  direct  relationship  between  front  surface  melting  and  ignition  has  also  been 
observed.  Finally,  a marked  dependency  of  damage  on  Mach  number  and  spot  size 
was  observed. 
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ABSTRACT:  Step-aging  programs,  based  on  principles  of  particle- 

dislocation  interactions,  were  developed  systematically  to  obtain  increases  in 
the  high-temperature  strength  and  ductility  properties  of  Ti-T  at  % M0-I6  at  % 

A1  alloy.  A triple-step  aging  program  produced  a yield  stress  of  about  1,500 
MN/m2  at  room  temperature  and  900  MII/m2  at  a deformation  temperature  of  600°  C. 
Preliminary  results  achieved  by  thermomechanical  treatments,  consisting  of  de- 
formation in  the  +Ti3Al  phase  field,  show  reasonable  high-temperature  deformation 
properties,  but  a brittle  behavior  at  lower  test  temperatures. 
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TITLE:  RESEARCH  WITH  IN-SITU  COMPOSITES  ALIGNED  WITH  EUTECTOID 

AND  EUTECTIC  TRANSFORMATIONS 
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Directionally  aligned  eutectoids  are  of  potential  interest 
for  high  temperatiire  turbine  applications.  The  Hf-HfCr2  eutectoid  was  selected 
from  several  systems,  to  explore  the  potential  of  using  solid-solid  transforma- 
tion to  yield  a suitable,  aligned  microstructure.  Extensive  heat  treatments 
of  this  eutectoid  indicated  very  rapid  microstructural  coarsening  resulting 
from  both  thermal  and  dissolved  oxygen  effects  and  severe  Cr  volatilization 
occurring  during  directional  alignment.  Directionally  solidified  eutectics  are 
being  developed  for  high  temperature  turbine  blades.  Chemical  vapor  deposition 
(CVD)  techniques  were  used  to  deposit  simple  and  complex  layers  of  the  elements 
Ni,  Cr,  and  A1  required  for  high  temperature,  oxidation  resistant  coatings. 
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An  existing  10Ni-8C0-lMo  steel  (HYI80)  was  modified  to  a 


higher  strength  level  to  meet  the  need  for  weldable  and  fracture-resistant  high- 
strength  steel  alloys  required  in  current  and  future  airframe  structural  appli- 
cations. The  selected  alloy  composition  (l4C0-10Ni-2Cr-lMo-0.l6C)  was  scaled-up 
to  a 2000  lb  VIM/VAR  heat  with  no  apparent  decrease  in  mechanical  properties. 
Aging  at  950F  produced  a KIc=130KsiirTn  and  KIscc>100  Ksifin  at  the  255Ksi 
ultimate  strength  level.  Preliminary  results  indicate  low  fatigue  crack  growth 


rates  both  in  ambient  and  corrosive  environments,  improved  S/N  fatigue  and 
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good  general  corrosion  resistance.  The  ll*C0-10Ni-2Cr-lMo-0.l6c  steel  (AFlUlO) 
was  foxind  to  he  quite  weldable  by  conventional  arc  weld  processes. 
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LASER  WELDING-THE  PRESENT  STATE-OF-THE-ART 
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7351 
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The  evolution  of  laser  systems  is  briefly  reviewed  from 
the  first  successful  operation  of  the  ruby  laser  in  I96O  to  the  present.  Laser 
materials  processing  developments  are  then  reviewed  followed  by  general  discus- 
sions of  currently  available  high  power  laser  equipment , laser  welding  perfor- 
mance, laser  weld  characteristics,  and  the  properties  of  laser  welds  in  metals 
and  alloys.  A discussion  of  current  industrial  laser  welding  applications  is 
also  included.  The  report  constitutes  an  effort  to  comprehensively  review  the 
important  developments  in  laser  welding  up  to  the  summer  of  1975. 
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An  automated  ultrasonic  test 
the  ultrasonic  reflectivity  of  adhesively  bonded  structures  as  a function  of 
frequency.  An  attempt  was  made  to  correlate  the  measurements  with  adhesive 
bond  strength. 
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ABSTRACT:  The  welding  of  butt  joints  in  1100,  6o6l,  7075  aluminum 

by  the  hot  pressure  welding  process  with  a vacuum  atmosphere  has  been  studied. 
Solid  cylinders  were  welded  in  a closed  die.  The  tensile  strength  joint  effi- 
ciency of  1100  aluminum  welds  was  100^  at  a welding  temperature  of  600°C  with 
2U%  weld  deformation  and  also  at  500°C  and  kk%.  Alloy  7075  welded  at  l490°C  and 
with  20-30^  deformation  exhibited  a joint  efficiency  of  100^  in  the  as-welded 
condition  and  93%  in  the  T6  condition.  The  tensile  elongation  of  welds  was 
good  except  for  7075  aluminum  in  the  t6  condition.  This  was  about  1?5,  which  in- 
creased to  about  2%  after  postweld  diffusion  treatment.  Abrasion  of  the  faying 
surfaces  by  preweld  relative  movement  of  a ring-shaped  specimen  on  a flat  sheet 
was  of  only  limited  effect  in  improving  weld  strength.  Joint  efficiencies  of 
100^  (based  on  annealed  strengths)  were  achieved  with  1100  and  6o6l  aluminum, 
but  not  with  7075  aluminum. 
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Three  point  bend  tests  on  U-notched  Charpy  specimens  were 
conducted  for  six  grades  of  beryllium  over  a range  in  loading  rates  from  10-6 
to  10  m/sec.  Load-deflection  curves  were  obtained  from  tests  performed  on  servo- 
controlled  hydraulic  testing  machines  at  low  and  intermediate  loading  rates  and 
with  a Hopkinson  pressvire  bar  apparatus  at  high  rates.  Curves  of  absorbed 
energy,  maximum  load,  and  maximum  deflection  against  loading  velocity  indicate 
a transition  velocity  for  several  grades  of  beryllium  at  which  the  ductility 
of  the  material  decreases  sharply. 
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One  inch  wide  monolayer  boron-alum inxim  cast  tape  was  suc- 
cessfully fabricated  by  passing  collimated  nitrided  boron  through  molten  alumi- 
num. The  oxidizing  euid  nitriding  temperatures  and  rates  of  the  nitrided  boron 
were  found  to  be  critical  in  producing  a nitride  layer  which  was  continuous  and 
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sound  enough  to  prevent  attack  of  the  horon  hy  the  molten  aliirainxam,  hut  thin 
enough  to  allow  sufficient  reaction  to  provide  fiber-matrix  bonding.  The 
critical  balance  of  boron  nitride  to  the  aluminum  could  not  be  attained  con- 
sistently to  provide  composites  with  both  longitudinal  and  transverse  properties 
equivalent  to  diffusion  bonded  boron-aluminum.  The  nitrided  boron  was  found  to 
exhibit  30!?  higher  strength  than  unnitrided  boron  and  retain  its  strength  better 
when  subjected  to  high  temperature  exposure. 
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Three  parameter  symmetric  distributions  have  been  inves- 
tigated for  application  as  a fatigue  life  distribution  model.  Maximum  likeli- 
hood (ml)  estimator  and  simulation  procedures  for  maximum  variance  unbiased 
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estimates  and  confidence  bounds  have  been  developed  for  analysis  of  censored 
data.  A technique  for  testing  the  hypothesis  of  two  censored  samples  having  a 
common  parent  population  is  also  presented.  The  effect  on  airplane  structural 
reliability  resulting  from  differing  levels  of  fatigue  performance  from  nomin- 
ally identical  structures  is  discussed,  and  a preflaw  model  was  developed  and 
incorporated  in  a reliability  analysis  method.  Parametric  studies  were  con- 
ducted using  the  reliability  method  to  obtain  qualitative  information  on  the 
impact  and  interaction  in  terms  of  structural  reliability  of  several  variables 
such  as  preflaws , loads  environment,  material,  structural  configuration, and 
designed  residual  strength. 
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THE  INFUIENCE  OF  HEAT  TREATMENT  ON  THE  STRUCTURE  AND 
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Two  isothermal  forgings,  an  Fill  nose  wheel  and  a struc- 


tural shape  were  sectioned,  heat  treated  and  evaluated  by  metallography  and  by 
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tensile  and  fracture  toughness  tests.  Results  indicate  reasonable  uniformity  of 
structure  and  properties  throughout  the  isothermal  forgings,  and  heat  treatment 
response  similar  to  that  of  conventional  forgings  of  the  same  alloy.  The  as- 
forged  microstructure  is  largely  dependent  on  the  preform  microstructure. 
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MEASUREMENT  OF  STRESS  CORROSION  CRACKS  IN  ALUMINUM  ALLOY 

DCB  SPECIMENS  USING  AN  ULTRASONIC  PULSE-ECHO  TECHNIQUE 
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Past  techniques  used  in  monitoring  stress  corrosion  crack 


growth  in  aluminum  alloy  double  cantilever  beam  (DCB)  specimens  have  used  ex- 


terior optical  methods  for  measurement.  These  techniques  could  lead  to  con- 
servative values  of  crack  growth  rates  in  these  specimens.  This  program  eval- 
uated a non-destructive  ultrasonic  method  for  monitoring  crack  growth  rate. 
Aluminum  alloy  test  specimens  were  used  to  calibrate  the  equipment  and  to  assess 
the  measurement  accuracy  and  reproducibility.  Together,  the  optical  and  ultra- 
sonic techniques  could  lead  to  a more  acc\irate  assessment  of  stress  corrosion 
crack  growth  in  aerospace  alloys  through  obtaining  a truer  picture  of  interior 
crack  front  shapes. 
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A product  or  quasi-equilibrium  diagram  for  compoiinds 
fomed  in  the  system  Si-Al-O-N  at  I8OOOC  in  1 atm  N2  is  presented.  X-ray  dif- 
fraction spectra  for  several  new  phases  are  given  and  the  reaction  and  sintering 
processes  are  discussed.  Data  for  the  lattice  expansion  of  the  p-Si3Nij  structure 
accompanying  the  incorporation  of  A1  and  0 is  presented  and  used  to  calcu- 
late theoretical  densities. 
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ABSTRACT:  The  diffusion  brazing  of  butt  joints  in  606l  and  7075 

aluminum  alloys  in  a vacuum  atmosphere  with  mechanical  pressure  perpendicular  to 
the  joint  was  investigated.  Filler  metals  included  silver,  gold,  copper,  mag- 
nesixim,  zinc,  A112Si  and  Ag28Cu  in  the  form  of  foil,  powder,  electroplated  de- 
posits, and  vapor  deposits.  Joints  were  examined  by  metallography,  bend  tests, 
tensile  tests,  and  other  mecheuiical  tests.  No  successful  filler  metal  for  7075 
aliminum  was  developed.  Both  silver  and  A112Si  filler  metal  in  foil  form  pro- 
duced joints  in  6o6l  aliuninum  with  the  tensile  strength  of  the  base  metal  in  the 
t6  condition.  The  tensile  elongation  and  bend  ductility  was  good  in  both  as- 
brazed  and  T6  conditions. 
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ABSTRACT:  The  edited  transcripts  of  the  ARPA/AFML  Review  of  Quan- 

titative NDE  held  on  July  15-17,  1975 » at  the  Science  Center,  Rockwell  Inter- 
national, are  presented  in  this  document.  Several  key  topics  form  the  core  of 
these  presentations  and  discussions.  They  include  quantitative  ultrasonics, 
adhesives  , composites  ,and  emissions  related  to  the  role  of  ultrasonic  stan- 
dards in  the  emerging  quantitative  ultrasonics  area.  It  is  believed  that  this 
dociiment  provides  a reasonable  simmaary  of  NDE  research  and  development  cur- 
rently underway  in  the  areas  selected  for  presentation. 
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ABSTRACT:  A study  of  stress  corrosion  cracking  in  7^75  type  aluminum 

alloy  plates  was  conducted  using  five  iron  and  silicon  levels,  chromium  and 
zirconium  minor  additions,  and  two  tempers;  T651  and  thermomechanical  processing 
(TMP).  The  T65I  specimens  showed  no  clear  effects  of  purity  or  minor  addition 
on  stress  corrosion  resistance;  however,  a large  purity  effect  was  seen  in  TMP 
specimens.  As  total  iron  and  silicon  content  decreased  from  0.31  to  0.02  weight 
percent,  the  2000-hour  threshold  stress  intensity  about  doubled  in  these  alloys. 
In  addition,  TMP  alloys  showed  a relationship  between  stress  corrosion,  thresh- 
old stress  intensity,  and  precracked  Charpy  totighness. 
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Metal  matrix  composites  consisting  of  boron  reinforced 


aluminum,  boron-aluminum-titanium,  and  Borsic  reinforced  titanium  were  fab- 


ricated to  achieve  improved  impact  tolerance.  Test  procedures  included  both 
static,  instrvunented  pendulum  impact,  and  ballistic  impact.  It  was  demon- 
strated that  composite  specimens  can  be  fabricated  and  tested  to  achieve  a wide 
range  of  impact  resistance.  Energy  dissipation  can  exceed  that  of  monolithic 
engineering  alloys;  however,  this  superiority  is  very  geometry  dependent. 
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ABSTRACT:  An  experimental  potential  vs.  pH  diagram  for  B6ac  high 

strength  steel  in  0.1  molar  NaCl  aqueous  solutions  was  established  based  on 
cyclic  potentiodynamic  polarization,  potentiostatic  titration,  and  atomic 
adsorption  analyses.  This  diagram  is  useful  in  assessing  the  tendency  for  gen- 
eral corrosion,  crevice  corrosion,  pitting  corrosion,  and  stress  corrosion 
cracking.  An  artificial  occluded  cell  was  devised  for  crevice  studies  and  the 
concept  of  crevice  protection  potential  was  verified  for  B6ac  alloy  in  the  aque- 
ous solutions. 
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RESPONSE  OF  MATERIALS  TO  IMPULSIVE  LOADING 
J.P.  Barber  and  H.R.  Taylor 
F33615-73-C-5027 

University  of  Dayton  Research  Institute 
J.S.  Wilbeck  ( AFML/LL) 

7351 
735106 

Approved  for  public  release;  distribution  unlimited. 

This  report  describes  work  conducted  on  the  response  of 
composite  materials  to  foreign  object  damage.  The  damage  inflicted  to  both 
metal  matrix  and  resin  matrix  composites  was  investigated  by  measuring  the  post 
impact  residual  mechanical  properties  of  selected  materials.  Specimens  were 
mounted  as  simply  supported  cantilevered  beams  and  impacted  with  steel  or  rubber 
spheres.  The  residual  tensile  and  fatigue  strength  of  the  material  was  then 
determined.  The  impact  resistance  of  the  composites  investigated  was  shown  to 
be  much  lower  than  that  for  titanium.  The  important  mechanisms  of  material  dam- 
age were  identified  and  described  in  terms  of  a fracture  mechanics  based  model. 
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AFML-TR-76-22  ad  A025  469 

204,324  March  1976 

CONSOLIDATION  OF  BETA  III  TITANIUM  ALLOY  SPHERICAL  METAL 
POWDERS 

N.C.  Birla,  V.  DePierre  and  A.M.  Adair 
F33615-73-C-5097 
University  of  Cincinnati 
V.  DePierre  (AFML/LLM) 

7351 
735108 

Approved  for  public  release;  distribution  unlimited. 

The  AFML  Tube  Swaging  Method  was  utilized  for  determining 
the  processing  parameters  for  producing  fully  consolidated  products  from  Beta 
III  titanium  alloy  spherical  powders.  Four  temperatures  (7320C,  760°C,  djl^C 
and  954°C)  and  4 percentage  reductions  1^5.1 > 37.5*  54.2  and  65.2)  of  the  tube 
outside  diameter  were  selected  to  study  the  consolidation  effects  of  processing 
parameters.  Fully  consolidated  powder  products  were  obtained  by  54.2  and  65.25 
reductions  at  all  four  temperatures  and  37.55  reduction  at  954°C.  The  other 
processing  conditions  did  not  give  fully  dense  products.  Room  temperature  ten- 
sile and  fracture  toughness  properties  of  the  swaged  powder  products  in  the  heat 
treated  conditions  were  determined.  The  fully  consolidated  swaged  powder  pro- 
ducts had  tensile  and  fracture  toughness  properties  equal  to  or  better  than 
reported  properties  of  wrought  products  made  from  ingot  Beta  III  titanium  alloy. 
The  properties  of  the  other  swaged  powder  products  (not  fully  dense)  reflected 
lower  mechanical  propertied  because  of  poor  consolidation. 
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201^,327  April  1976 

HARDENING  CHARACTERISTICS  OF  Ti-6Al-2Sn-UZr-6Mo  ALLOY 
J.A.  Hall 
Internal 
AFML/LLS 

J.A.  Hall  (AFML/LLS) 

7351 
735105 

Approved  for  public  release;  distribution  unlimited. 
Research  was  conducted  to  develop  heat  treatments  for 
Ti-6Al-2Sn-UZr~6Mo  alloy  which  have  potential  for  minimizing  microstructural 
and  mechanical  property  variations  in  geometrically  nonuniform  components.  Mi- 
crostructure was  found  to  be  strongly  dependent  upon  both  the  solution  heat 
treating  temperature  and  the  cooling  rate;  solution  heat  treatments  using  two 
steps  at  differing  temperatures  appeared  to  minimize  these  differences . Certain 
heat  treating  conditions  formed  subgrain  networks,  called  SERB,  in  the  micro- 
structure. Two  maxima  appeared  to  exist  in  the  aging  response  curve  for  slowly 
cooled  specimens  aged  at  llOOOF  and  a potential  mechanism  for  this  phenomena  was 
postxilated.  Fracture  toughness  was  fo\and  to  be  inversely  proportional  to  the 
amount  of  primary  alpha  phase  present  when  relatively  coarse  acicular  alpha 
exists.  The  fracture  toughness  for  thick  sections  increased  as  the  spread  in 
the  value  of  TUS-TYS  increased. 


AFML-TR-76-31  ad  A025  801 

20it,503  May  1976 

ENVIRONMENTAL  EFFECTS  ON  MAINTENANCE  COSTS  FOR  AIRCRAFT 
EQUIPMENT 
T.K.  Moore 
Internal 
AFML/LLN 

L.T.  Lynch  ( AFML/LLN ) 

7351 
735106 

Approved  for  public  release;  distribution  unlimited. 

A series  of  mathematical  models  of  the  influence  of  en- 
vironmental effects  on  maintenance  costs  was  constructed  using  linear  regres- 
sion analysis.  The  equipment  whose  behavior  was  modeled  was  the  KC-135  Doppler 
Radar  and  the  FUE  engine  starter.  Models  explaining  more  than  20^  of  the  varia- 
tion in  maintenance  cost  as  a resialt  of  weather  factors  were  developed  (where 
only  the  two  most  current  months'  weather  was  considered).  Recommendations  for 
further  research  using  more  sophisticated  model  development  techniques  are  pre- 
sented. A limited  economic  analysis  of  some  life  cycle  cost  implications  of 
failure  countermeasures  for  increased  environmental  resistance  is  given. 
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EFFECT  OF  INCLUSIONS  ON  THE  MECHANICAL  BEHAVIOR  OF 
BERYLLIUM 

D.B.  King,  S.H.  Gelles  and  T.  Nicholas 

F33615-TI+-C-5172 

Brush  Wellman,  Incorporated 
T.  Nicholas  (AFML/LLN) 

7351 

735106 

Approved  for  public  release;  distribution  unlimited- 
Samples  of  hot  pressed  and  hot  isostatically  pressed  S-65 
beryllium  were  prepared  from  billets  salted  with  iron  base  and  graphite  par- 
ticles. Quasistatic  tension,  biaxial  disc^and  internally  pressurized  ring  tests 
were  performed  to  evaluate  the  effects  of  the  resultant  inclusions  on  the  me- 
chanical properties  of  beryllium.  Inclusions  in  salted  billets  were  charac- 
terized and  compared  with  those  found  in  production  pressing.  Fracture  surfaces 
at  inclusions  were  examined.  Results  indicate  that  inclusions  degrade  the 
mechanical  properties  of  beryllium  but  not  catastrophically.  Surface  inclusions 
were  found  to  be  more  deleterious  than  internal  inclusions.  The  salting  tech- 
nique was  found  to  provide  a convenient  method  for  producing  material  for  test 
specimens  having  inclusions  of  a predetermined  type,  size  range  and  number 
which  are  representative  of  those  found  in  production  pressings. 
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ORDNANCE  IMPACTS  ON  JET  ENGINE  FAN  BLADES 
J.P.  Barber  and  H.R.  Taylor 

F33615-75-C-5052 

University  of  Dayton 
J.S.  Wilbeck  (AFML/LLN) 

7351 

735106 

This  report  describes  the  experimental  section  of  a pro- 
gram to  Investigate  the  damage  that  a .50  cal  of  five  inflicts  on  typical  jet 
engine  fan  blade  materials.  Three  materials,  titanim,  graphite  epoxy  com- 
posite and  boron  aluminum  composite  were  perforated  by  .50  caliber  ogives  at 
1*88  m/s.  Two  impact  obliquities  were  investigated;  90°  and  60°  to  trajectory. 
The  momentum  transfer  during  the  impact  was  measured  by  use  of  a ballistic  pen- 
dulum on  which  the  targets  were  mounted.  The  momentum  transfer  was  greatest  for 
titanium,  considerably  lower  for  boron  aluminum  and  even  lower  for  graphite 
epoxy. 
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PROJECT  MONITOR:  J.M.  Wimmer  (AFML/LLM) 

PROJECT  NO:  7021 

TASK  NO:  702102 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  This  report  detailed  the  preparation  of  'pure'  and  doped 

ionic  solids,  characterization  of  the  defect  structure,  and  the  correlation  of 
electrical  transport  properties  with  the  defect  structirre.  The  three  materials 
systems  investigated  were  zirconia-base,  thoria-base^and  beta  alumina.  The 
zirconia  monoclinic-tetragonal  transformation  was  characterized  as  martensitic 
and  a revised  phase  diagram  for  the  system  Zr02  - Y0]^_5  system  was  proposed.  In 
the  thoria-base  system,  electrical  conductivity  measurements  in  air  indicated 
that  isothermal  conductivity  increased  with  CaO  content  and  reached  a broad  max- 
imum. The  electrical  conductivity  of  sodixaa  doped  B and  B"  AI2O2  was  found  to 
be  a function  of  sodium  content,  frequency,  temperaturCjand  type  of  electrode 
employed.  It  was  found  that  conductivity  values  obtained  with  molten  NaNO^ 
electrodes  were  10-15  times  higher  than  values  obtained  with  silver  paste. 

REPORT  NO:  AFML-TR-76-39  AD  A025  734 

ACCESS  NO:  204,328  March  1976 

TITLE:  NEW  APPROACHES  TO  TITANIUM  ALLOY  MICROSTRUCTURE- 

PROPERTY  RELATIONSHIPS 

AUTH0R{S):  J.J.  Dreher  and  M.  Rosenblum 

CONTRACT  NO:  F336l 5-75-0-5169 

CONTRACTOR:  University  of  Cincinnati 

PROJECT  MONITOR:  J.  Santner  (AFML/LLS) 

PROJECT  NO:  7353 

TASK  NO:  735302 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  This  report,  in  three  sections,  contains  (l)  a statistical 

sampling  technique  for  determining  photomicrograph  homogeneity  and  replicability, 
(2)  an  optical  structure-detection  method  using  the  stroboscope  and  color- 
separated  prints, and  (3)  an  opti-acoustical  procedure  for  translating  micro- 
structure  into  sound.  Also  included  is  a description  of  a multiple  platform 
turntable  for  simultaneous  viewing  of  several  photomicrographs.  Significant 
and  high  correlations  among  microstructures  and  several  mechanical  properties 
are  shown. 
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TITLE:  ADAPTIVE  NONLINEAR  SIGNAL  PROCESSING  FOR  CHARACTERIZATION 

OF  ULTRASONIC  NDE  WAVEFORMS  TASK  2:  MEASUREMENT  OF 
SUBSURFACE  FATIGUE  CRACK  SIZE 

AUTHOR(S):  R.  Shankar,  A.N.  Mucciard,  D.  Cleveland,  W.  Lawrie  and 

H.L.  Reeves 

CONTRACT  NO:  F33615-74-C-5122 
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DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  A new  NDE  nonlinear  signal  processing  system  has  been  de- 

veloped to  detect  and  measure  small,  subsurface  fastener  hole  fatigue  cracks. 

The  system  synthesized  from  nondestructive  evaluation  (NDE)  waveform  parameter 
inputs  is  capable  of  detecting  and  measuring  quantitatively  subsurface  fatigue 
cracks  in  the  size  range  of  0 to  279  mils  to  within  TO  percent  of  their  nomin- 
ally characterized  lengths.  The  measurement  system  reported  herein  is  the  first 
known  fatigue  crack  NDE  system  capable  of  detection  and  measurement  for  this 
wide  range.  The  major  conclusion  regarding  this  new  NDE  signal  processing 
software  system  is  that  subsurface  fatigue  crack  length  can  be  accurately 
measured  from  the  information  contained  in  the  ultrasonic  NDE  signature.  In 
particular,  cracks  below  30  mils,  heretofore  undetectable,  can  be  detected  and 
measured  with  reasonable  accuracy. 
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ACCESS  NO:  20it,629  August  1976 

TITLE:  FORMABLE  SHEET  TITANIUM  ALLOYS 

AUTHOR ( S ) : G . Leaning 

CONTRACT  NO:  F336l5-74-C-5063 

CONTRACTOR:  TIMET  Division  of  Titaniiam  Metals  Corporation 

PROJECT  MONITOR:  W.  Kerr  (AFML/LLS) 

PROJECT  NO:  7351 

TASK  NO:  735105 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  The  objectives  of  this  program  were  to  evaluate  three 

promising  experimental  alloys  by  optimizing  mill  processing  using  formability, 
forageability , and  uniformity  and  consistency  of  properties  as  the  criteria. 

The  three  alloys  were:  l)  Ti-8V-7Cr-3Al-4Sn-lZr , 2)  Ti-8V-4Cr-2Mo-2Fe-3Al , 
and  3)  Ti-15V-3Cr-3Al-3Sn.  The  three  mill  processes  examined  were:  l)  con- 

ventional cold  strip  processing,  2)  conventional  hot  mill  processing  to  plate 
followed  by  cold  hand  mill  rolling  to  sheet,  3)  conventional  hot  mill  processing. 
The  materials  from  the  two  cold  roll  processes  showed  the  better  forming  poten- 
tial and  were  selected  for  extensive  mechanical  property  and  formability  eval- 
uation. All  three  alloys  offer  improved  mechanical  properties  over  those  for 
existing  titanium  sheet  alloy  airframe  materials. 
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SOLID  MECHANICS  OF  FLOW,  FRACTURE,  CREEP, AND  FATIGUE 
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Approved  for  public  release;  distribution  unlimited. 

The  causes  and  consequences  of  plastic  flow  concentration 
order  to  gain  a better  understanding  of  the  major  micro- 
affecting  plastic  flow  concentration  in  precipitation 
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hardened  materials.  Micromechanical  models  that  contribute  to  the  understanding 
of  deformation  and  fractiire  of  high  strength  precipitation  hardened  materials 
were  developed.  The  models  have  enabled  the  important,  microstructural  param- 
eters to  be  defined  and  quantitatively  related  to  the  propensity  for  plastic 
flow  concentration.  The  results  of  this  work  will  enable  alloy  developers  to 
concentrabe  on  the  appropriate  microstructural  features  to  minimize  flow  concen- 
tration. 
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IMPACT  RESISTANCE  OP  STRUCTURAL  CERAMICS  PART  I: 
INSTRUMENTED  DROP-WEIGHT  TESTS 

I.  Bransky,  J.M.  Wimmer  and  N.M.  Tallan 
F33615-73-C-4155 
Technology,  Incorporated 

J. M.  Wimmer  (AFML/LLM) 

7021 
702102 

Approved  for  public  release;  distribution  unlimited. 

Two  mechanisms  can  lead  to  failure  of  ceramics  under 
impact,  1)  failure  due  to  flexural  stresses  and  2)  failure  due  to  Hertzian 
type  cracks  introduced  locally  by  the  impactor.  An  instrximented  drop-weight 
test  designed  to  study  failure  due  to  flexiiral  stresses  is  described  and  used  to 
study  various  forms  of  silicon  nitride  and  silicon  carbide  up  to  1300°C.  Results 
on  alumina  sialon  are  included  for  comparison.  From  the  standpoint  of  impact 
resistance,  hot-pressed  silicon  nitride  is  the  best  material. 
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7353 
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Approved  for  public  release;  distribution  unlimited. 
Optical  detection  methods  were  employed  to  investigate  the 
interaction  of  applied  coherent  phonons  with  the  excited  state  spin  system  of 
molecular  crystals.  Results  are  reported  and  discussed  concerning  both  single 
and  double  quantum  resonant  interactions  as  well  as  phonon-nuclear  quadrupole 
interactions  and  non-resonant  spin-phonon  interactions. 
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METALLURGICAL  FACTORS  CONTROLLING  STRUCTURE  IN  HIGH 
STRENGTH  ALUMINUM  P/M  PRODUCTS 
W.L.  Otto,  Jr. 


19 


J 


AFML/LL 


CONTRACT  NO; 
CONTRACTOR: 
PROJECT  MONITOR: 
PROJECT  NO; 

TASK  NO: 

DIST.  STATEMENT: 
ABSTRACT: 


F33615-T4-C-507T 
Aliiminum  Compeuiy  of  America 
W.  Griffith  (AFML/LLS) 

7351 
735105 

Approved  for  public  release;  distribution  unlimited. 

The  effects  of  process  variables  upon  the  structvire/ 
property  relationships  for  Al-Zn-Mg-Cu-Co  powder  metallurgy  alloys  were  investi- 
gated. Variations  in  alloy  composition  atomized  powder  characteristics,  hot 
compacting  procedures,  hot  work  operations  and  heat  treatments  were  evaluated  by 
tensile,  stress  corrosion,  toughness  and  fatigue  crack  growth  rate  testing,  as 
well  as  microstructural  examination.  Optimum  process  steps  were  identified, 
resulting  in  P/M  products  with  properties  superior  to  those  of  commercial  7000 
series  ingot  alloys.  In  particular,  the  P/M  MA87  alloy  was  reviewed.  Of  special 
significance  was  the  improved  resistance  to  fatigue  crack  growth  rate  of  this 
alloy.  P/M  MA87  alloy  forging  fabricated  from  triple  upset  and  drawn  billet 
demonstrated  fatigue  crack  growth  rates  15  to  1000^  slower  than  7050  alloy 
forgings . 
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THEORIES  OH  FLOW  AND  FRACTURE  IN  METALWORKING  PROCESSES 
PART  I:  A THEORY  OF  METAL  FLOW  IN  AXISYMMETRIC  PIERCING 
AND  EXTRUSION  PART  II:  A THEORY  ON  DUCTILE  FRACTURE 
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The  objective  of  this  investigation  was  to  establish 


theories  on  flow  and  fracture  in  order  to  apply  workability  theory  to  metal- 


working processes.  In  Part  I,  the  matrix  method  was  refined  by  the  use  of  a 
different  linearization  technique,  and  the  area  of  its  application  was  expanded 
through  the  introduction  of  a technique  for  effectively  treating  the  nonde- 
forming regions  in  the  computation.  The  refined  version  of  the  method  was  then 
applied  to  a non-steady-state  process  of  axisymmetric  piercing  and  a steady- 
state  process  of  axisymmetirc  extrusion.  In  Part  II,  the  deformation  mode  of 
void  growth  was  re-examined  using  the  model  proposed  previously,  but  with  formu- 
lations for  large  elastic-plastic  deformation.  The  results  show  that  the  non- 
uniform  mode,  due  to  void  interaction,  could  reduce  the  fracture  strain  by 
several  times  compared  to  the  results  based  on  uniform  void  growth.  The  results 
also  lead  to  a question  as  to  the  effect  of  the  void-free  surface. 
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DEVELOPMENT  OF  TITANIUM  ALLOY  CASTING  TECHNOLOGY 
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This  program  was  conducted  to  develop  the  technologies 
necesssLry  to  establish  a low-cost  approach  for  producing  titanium  investment 
castings.  This  approach  was  based  on  using  simpler  and  cheaper  melting  and 
casting  techniques,  common  to  steel  and  superalloy  investment  foundries,  for 
producing  high-quality,  low-cost  titaniiom  castings.  Program  objectives  included: 
(1)  development  of  a low-melting  titanium  alloy  displaying  adequate  tensile 
properties,  (2)  development  of  low  reactivity  ceramics  for  use  in  melting 
crucibles  and  investment  mold  facecoats,  (3)  establishing  an  induction  melting 
and  vacuum  casting  capability  using  the  above  technologies.  The  concept  of 
producing  titanium  castings  using  low-melting  alloys,  vacuum  induction  melting 
in  a ceramic  crucible  and  low-reactivity  investment  molds  was  successfully  dem- 
onstrated and  offers  the  potential  for  further  production  of  low-cost,  high- 
quality,  titanium  castings. 
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COMPARISON  OF  PROCESSING  PROPERTIES  AND  PRODUCT  PROPERTIES 
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University  of  Cincinnati 
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7351 
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Processing  properties  of  Beta  III  titanium  alloy  powder 
metal  (PM)  and  ingot  material  (iM)  were  compared.  Both  materials  were  pro- 
cessed under  the  same  conditions  (extruded  at  760®C  and  95^°C  with  U:l,  6:1 
and  10:1  reduction  ratios,  extruded  and  forged  at  760°C  and  95^°C  and  given  STA 
and  STA+OA  heat  treatments).  No  significant  differences  were  noted  between  the 
processing  properties  of  these  materials  except  for  the  slightly  higher  ex- 
trusion pressures  required  for  the  powder  metal  (PM)  at  95^°C.  Room  temperature 
mechanical  properties  of  the  powder  metal  (PM)  and  ingot  material  (IM)  products 
processed  under  the  same  conditions  were  compared. 
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ABSTRACT:  Experiments  have  been  carried  out  to  determine  the  strain- 

rate  sensitivity  of  the  shear  glow  stress  of  OFHC  copper,  commercially-pure 
titanium  and  mild  steel  over  the  temperature  range  -150°  to  ltOO°C.  All  the 
tests  were  performed  on  thin-walled  tubular  specimens  of  short  gauge  length, 
mounted  in  a torsional  split  Hoplinson-bar  apparatus  adapted  to  permit  quasi- 
static straining  as  well  as  dynamic  straining.  Comparison  of  the  results  ob- 
tained in  the  two  series  of  tests  shows  that  the  response  of  all  three  materials 
depends  on  the  strain-rate  history,  so  that  a 'mechanical  equation  of  state' 
relating  stress  to  strain,  strain  rate  and  temperature  is  not  valid;  however, 
the  influence  of  strain-rate  history  is  less  marked  for  titanium  than  for  copper 
or  mild  steel. 
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ABSTRACT:  The  feasibility  of  the  fluidized  bed-controlled  sit  ion 

reaction  sintering  process  for  depositing  sulfidation  resistant  and  ductile  ■ i|‘ 

CoNiCrAly  coatings  in  simple  clad  shapes  of  nickel-based  superalloys  has  been 
demonstrated.  Critical  process  parameters  of  all  steps  in  the  process  have  been 
indentified.  Methods  were  developed  for  adjusting  the  coating  comnosition  to 
emphasize  either  the  chemical  or  mechanical  properties  of  these  coatings. 
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ABSTRACT:  Tensile  and  compression  creep  measurements  were  made  on 

yttria-stabilized  zirconia  (YSZ),  hot-pressed  silicon  nitride  and  silicon  ma- 
terials in  atmospheres  including  air,  nitrogen,  argon,  and  vacuim.  For  rela- 
tively fine-grained  YSZ  (below  Uo  microns),  the  1.5  power  of  the  applied  stress 
at  low  stresses  and  with  the  stress  cubed  at  high  stresses,  but  results  for 
coarse  grained  specimens  can  generally  be  fitted  by  the  cube  dependence.  Creep 
activation  energies  for  YSZ  are  found  to  be  128  kcal/mole  independent  of  yttria 
content,  impurity  level,  grain  size,  and  porosity  distribution.  For  the  silicon 
compounds,  at  least  two  different  creep  mechanisms  are  operative  in  the  range  of 
temperatures  and  stresses  employed  in  this  study.  A grain  boundary  sliding 
mechanism,  characterized  by  a stress  dependence  of  two  and  an  activation  energy 
168  kcal/mole,  appears  to  be  operative  for  hot-pressed  silicon  nitride;  but  a 
viscous  creep  mechanism  predominates  for  some  SiAlON  materials,  where  a linear 
stress  dependence  and  an  activation  energy  of  9^  kcal/mole  have  been  measured. 
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ABSTRACT:  This  report  describes  results  of  mechanical  property  tests 

and  microstructure  studies  on  a series  of  alloys  based  on  the  intermetallic 
compounds  Ti^Al  and  TiAl.  This  class  of  alloys  has  shown  considerable  promise 
for  high  temperature  applications  and  the  objective  of  this  program  has  been 
to  study  the  microstructure  of  a series  of  alloys  containing  both  phases  with 
a view  to  improving  the  mechanical  properties.  It  has  been  shown  that  a variety 
microstructures  can  be  produced  in  a Ti-26^  A1  - 10^  Nb  base  alloy,  either  by 
addition  of  ternary  and  quaternary  alloying  elements  or  by  heat  treatment. 
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ABSTRACT:  The  feasibility  of  increasing  the  high-temperatiire  tensile 

and  creep  strength,  the  high-temperature  oxidation  resistance  and  the  low  tem- 
peratvire  ductility  of  the  titanium  aluminide,  TiAl,  by  means  of  a dispersion  of 
inert  particles  of  yttria  has  been  studied.  Alloys  containing  1.5  and  3 volume 
percent  YgO,  were  produced  by  attritor  milling  of  TiAl  and  "^2^3  powders  and  hot 
extruding  to  bar  stock. 
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Oxidizing  inhibitors  may  be  used  to  retard  crack  propaga- 
tion for  high  strength  low  alloy  steels.  For  d6aC,  the  use  of  such  Inhibitors 
gives  promise  of  being  able  to  avoid  hydrogen  embrittlement.  The  critical 
stress  intensity  factor  Kjgj.^  appsirently  may  also  be  manipulated  by  use  of  oxi- 
dizing inhibitors.  Preliminary  data  on  multifunctional  inhibitors  indicates  thnt 
combinations  of  cathodic  and  anodic  types  are  more  effective  than  the  common 


anodic  inhibitors  such  as  chromate.  Hydrazine  and  the  related  nitrite  ion  are 
more  effective  inhibitors  than  chromate  for  steel  in  the  presence  of  chloride. 
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The  frequency  dependence  of  the  propagation  direction  of 
ultrasonic  shear  and  longitudinal  waves  generated  by  a meander-line  electro- 
magnetic transducer  (EMAT)  at  MHz  frequencies  has  been  determined.  The  results 
are  foiind  to  agree  well  with  theory  and  demonstrate  that  electronic  beam  steer- 
ing is  possible  using  EMAT's.  The  relative  efficiency  of  generation  in  aluminum 
was  also  studied,  and  for  a specific  meander-line  geometry  with  a permanent 
magnet  providing  the  necessary  static  magnetic  field,  it  was  found  to  be  rela- 
tively flat  versus  frequency.  Efficiency  for  shear-wave  generation  (frequency 
range,  5-9  MHz)  was  about  U dB  per  conversion  less  than  the  Rayleigh  -wave  gen- 
eration efficiency  at  k.6  MHz  and  for  longitudinal  waves  (frequency  range,  IO-2I4 
MHz)  about  10  dB  less. 
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This  report  summarizes  the  results  of  a program  to  study 
the  high-temperat\ire  fractxire  properties  of  ceramic  materials  that  are  anti- 
cipated for  us  in  turbine  applications.  As  a result  of  this  program,  nev  tech- 
niques have  been  developed  for  the  study  of  fracture  at  high  temperatures;  new 
theories  have  been  developed  for  the  application  of  fracture  mechanics  to  design; 
and  new  experimental  data  on  high  temperature  fracture  have  been  generated. 
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A new  concept  for  monitoring  the  potential  for  damage 
accumulation  in  structural  materials  is  presented.  Briefly,  the  method  pro- 
posed is  to  install  a preflawed  gage  on  a critical  component  and  to  monitor  its 
flaw  growth  nondestructively.  The  relationship  between  this  flaw  size  and  the 
potential  flaw  in  the  structure  is  derived  using  linear  elastic  fracture  mechan- 
ics principles.  Experimental  flaw  growth  data  produced  by  an  aircraft  spec- 
trum was  used  to  demonstrate  the  validity  of  a degenerate  case  of  this  concept . 

A discussion  is  also  presented  to  show  how  this  method  could  be  implemented  in 
fulfillment  of  the  Mil-Std-l630  requirement  to  track  potential  flaw  growth. 
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RESEARCH  ON  MATERIALS  ESSENTIAL  TO  CRYOCOOLER  TECHNOLOGY 
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DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  This  report  presents  what  £ire  considered  to  be  the  most 

useful  sources  of  PVT,  enthalpy,  entropy,  experimental  heat  capacity,  viscosity, 
and  thermal  conductivity  data  for  heliiom,  neon,  nitrogen, and  argon.  For  each 
source  selected,  the  source  reference,  the  methods  used  or  the  basis  of  the  data, 
the  format  for  presentation  of  the  results  and  the  stated  accuracy  are  dis- 
cussed. Pressure-temperature  diagrams  are  presented  to  show  the  regions  covered 
by  the  various  sources.  The  experimental  program  to  provide  PVT,  thermal  con- 
ductivity and  viscosity  data  required  for  the  correlation  study  is  defined.  The 
thermal  conductivity  apparatus  is  described.  The  use  of  binary  mixt+xres  of 
cryogens  as  refrigerants  is  discussed  as  are  the  problems  associated  with  the 
use  of  subliming  solids  as  refrigerants . 
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The  first  section  of  this  report  covers  research  on  ther- 


modynamic property  measurements  and  calculations  of  (Hg,  Cd,  Te)  system,  CdTe, 


ZnSe,  samarium,  cobalt , and  titanium-iron  alloy  systems.  A bibliography  on 
high  temperature  mass  spectrometry  from  Chemical  Abstracts  from  1970-1973  in- 
cludes 3I+3  references.  The  second  section  includes  chemical  physical  studies 
on  dye  laser  materials.  Dye  laser  materials  were  characterized  as  to:  (l)  ab- 
sorption spectrum,  (2)  fluorescence  emission  spectrum,  (3)  radioactive  decay 
lifetime  of  fluorescence,  (U)  intersystem  crossing  rate  and  triplet-triplet 
absorption  spectrum, and  (5)  various  laser  emission  parameters. 
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The  behavior  of  Ga  in  sputtered  Si02  films  is  examined 
with  the  result  that  diffusion  is  observed  during  annealing  at  850°C.  The  ac- 
cumulated evidence  indicates  that  SiOg  is  not  an  effective  film  to  use  on  a 
GaP  or  GaAs  for  protection  against  Ga  loss  during  high  temperature  anneals.  The 
method  employed  to  make  the  measurement,  Rutherford  backscattering  (RBS)  analysis 
of  Si02:Ga  :Si02  sandwiches,  is  demonstrated  to  be  effective  and  applicable  to 
other  systems.  The  value  of  RBS  as  a general  tool  for  thin  film  analysis  is 
demonstrated  by  measxiring  the  thickness  and  compositions  of  several  types  of 
films  as  well  as  the  concentrations  and  locations  of  impurities. 
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Apparatus  is  described  that  permits  measiirement  of  the 
electrical  transport  properties  of  semiconductors  with  resistance  values  over 
10^^*.  The  system  utilizes  a guarded  approach  to  the  van  der  Pauw  method  which 
simplifies  sample  geometry  and  contacting  and  permits  evaluation  of  thin  layers. 
The  equipment  is  easy  to  operate,  reliable  and  constructed  of  readily  available 
commercially  purchased  components. 
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This  report  covers  measurements  and  techniques  that  have 
led  to  the  development  of  the  first  prototype  windows  coated  with  a continuous 
thin-film  heater  transparent  in  the  8 to  12  micron  spectral  region.  The  effort 
involved  the  measurement  of  the  complex  optical  constants  of  indiim-tin-oxide 
and  the  dependence  of  these  values  on  both  process  parameters  and  the  conduc- 
tivity of  the  films.  The  performance  of  a full  coated  window  has  a transmission 
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greater  than  70!?,  and  a sheet  resistance  of  l60  /square  is  described.  Also 
included  is  a thermo-optical  analysis  of  conductive  films  and  patterns  for 
zinc  sulfide,  zinc  selenide  and  zinc  sulfoselenide  windows. 
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Permanent  magnet  production  with  rare-earth  transition 
element  compounds  is  not  a well  defined  science  because  microscopic  processes 
in  these  materials  are  not  understood  well.  A study  was  conducted  to  analyze 
the  Mossbauer  spectra  of  NdCo5  doped  with  3^  Fe^T  to  determine  the  nuclear 
environment  at  each  nonequivalent  crystal  lattice  site.  Absorption  spectra 
were  obtained  for  absorper  temperat\ires  of  300,  265,  255,  21+5,  235,  230  and  77K, 
but  poor  velocity  information,  faulty  temperature  control  euid  vacuum  pump 
vibrations  caused  uncertainties  in  the  accuracy  of  the  spectra,  especially  near 
zero  velocity.  Each  spectrum  was  fit  to  a sum  of  Lorentzian  profiles  using  a 
least-squares-minimization  fitting  program.  Although  the  complex  spectra  were 
not  accurately  decomposed  into  individual  site  contributions,  it  was  concluded 
that  Fe57  atoms  may  reside  in  four  nonequivalent  sites.  Preliminary  results 
also  indicated  that  the  two  non-Co  sites  cause  the  temperature  dependent 
changes  in  the  spectra. 
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The  significance  of  this  research  and  development  program 
to  the  Air  Force  is  the  proven  demonstration  of  fabricating  CVD  zinc  selenide 
for  high  power  laser  window  applications  by  a fully  automated  process.  The 
absorption  coefficient  of  the  material  was  lowered  by  eliminating  foreign  inclu- 
sions of  greater  than  1 mil  size  by  filtration  of  the  zinc  vapor  prior  to  dep- 
osition. Significeuit  progress  was  also  made  in  identifying  the  causes  of  vis- 
ible scatter  sites  in  the  material.  Based  on  experimental  results,  the  best 
overall  optical  material  is  deposited  when  the  H2Ze/Zn  molar  ratio  is  greater 
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than  1.  Finally,  it  has  been  shown  that  under  carefully  controlled  conditions, 
low-loss  s\irfaces  and  AR  coatings  can  be  applied  to  CVD  ZnSe. 
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ABSTRACT:  Optimized  crystal  growth  compositions  were  determined  for 

TI3PS4  and  Tl3PSei^  and  crystal  growth  from  these  compositions  resulted  in  remark- 
ably improved  optical  quality.  The  optical  absorption  was  reduced  to  less  than 
10^/cm~l.  Two  successful  device  applications  of  new  single  crystal  sulfosalt 
materials  were  made.  Tl3AsSe3  was  used  in  an  infrared  tunable  collinear  acousto- 
optic filter  in  the  3-5Mra  region.  Operation  to  5.3  jwm  was  achieved,  which  is 
the  longest  wavelength  at  which  any  such  device  has  yet  been  used.  Tl3AsSi^  was 
successfully  used  as  a laser  intracavity  acousto-optic  modulator  and  Q-switch 
with  low  drive  power  requirements.  Technical  difficulties  believed  to  be  asso- 
ciated with  two-  photon  absorption  of  pump  radiation  or  with  phase  matching 
problems  prevented  successful  operation  of  a 2.1  m-pumped  optical  parametric 
oscillator  on  Tl3AsSe3. 
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TITLE:  EXPLORATORY  DEVELOPMENT  OF  LASER-HARDENED  MATERIALS  AND 

MEASUREMENT  OF  LASER-BEAM  PARAMETERS  AND  MATERIAL  RE- 
SPONSE TO  HIGH-POWER  LASER  RADIATION  VOLUME  I 
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ABSTRACT:  This  three-volume  report  summarizes  research  efforts 

undertaken  in  a two-year  research  program  to  develop  two  laboratories  at  AFML 
for  studies  of  the  interaction  of  high-power  CO2  laser  beams  with  materials  of 
interest  to  the  USAF.  In  Volume  1,  various  elements  of  the  laboratories  devel- 
oped by  Battelle  are  discussed  including  systems  for  beam  transport,  event 
sequencing  safety  control,  irradiation  timing,  alignment,  target  air  flow, 
data  acquisition,  data  reduction^ and  laser  beam  mapping.  Target  diagnostic 
techniques  are  also  described  in  Volume  I.  Volume  II  contains  Appendices  A-E 
which  present  detailed  schematics,  listings_^and  drawings  for  some  of  the  laser 
laboratory  systems.  Volume  III  contains  Appendix  F (classified)  which  presents 
a new  concept  for  hardening  materials  to  laser  radiation. 
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ABSTRACT:  This  three-volume  report  simmiarizes  research  efforts  under- 

taken in  a two-year  research  program  to  develop  two  laboratories  at  AFML  for 
studies  of  the  interaction  of  high-power  CO2  laser  beams  with  materials  of 
interest  to  the  USAF.  In  Volume  I,  various  elements  of  the  laboratories  devel- 
oped by  Battelle  are  discussed  including  systems  for  beam  transport,  event  se- 
quencing, safety  control,  irradiation  timing,  alignment,  target  air  flow,  data 
acquisition,  data  reduction, and  laser  beam  mapping.  Target  diagnostic  techniques 
are  also  described  in  Volimie  I.  Volme  II  contains  Appendices  A-E  which  present 
detailed  schematics,  listings_,and  drawings  for  some  of  the  laser  laboratory 
systems.  Volume  III  contains  Appendix  F (classified)  which  presents  a new  con- 
cept for  hardening  materials  to  laser  radiation. 
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ABSTRACT:  The  objective  of  this  program  was  to  obtain  information 

on  the  relationship  between  the  crystallographic  orientation  of  CaF2  substrate 
material  and  the  structure  and  optical  properties  of  deposited  thin  film  coat- 
ings. This  information  will  be  used  to  design  highly  efficient  (low  reflectance 
and  absorption  losses)  coatings  on  CaP2  windows  for  use  in  high  power  laser 
applications  in  the  2-6 um  spectral  region.  Specific  tasks  include:  l)  deter- 
mination of  the  refractive  indices  of  thin  film  coatings  of  ThFj^,  PbF2,  MgF2, 
BaF2  and  SrF2  on  (lOO),  (llO)  and  (111)  oriented  CaF2  substrates;  2)  determin- 
ation of  crystalline  structure  of  the  thin  films  as  a function  of  substrate  ori- 
entation and  3)  design  of  antireflection  coatings  for  CaP2.  The  results  of 
this  program  include:  l)  determination  of  the  optical  properties  of  the  var- 
ious thin  films  at  3 wavelengths;  2)  determination  of  the  crystalline  structure 
and  orientation  properties  of  the  deposited  films  and  3)  design  and  deposition 


AFML/LP 


of  antireflection  coatings  for  the  three  substrate  orientations  and  wavelengths 
and  U)  design  and  deposition  of  antireflection  coatings  at  3.8  for  poly- 
crystalline CaF2. 
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ABSTRACT:  The  principal  objective  of  this  program  was  to  investigate 

the  long-term  performance  stability  of  an  aircraft  alternator  under  conditions 
simulating  its  operation  in  flight.  This  alternator  uses  sintered  Sm-Co  per- 
manent magnets  in  its  rotor.  The  report  describes  the  design  of  a test  stand 
for  subjecting  the  machine  to  cyclic  operation  at  speeds  to  11000  rpm  and  thermal 
exposxire  in  air  up  to  215*0.  Photonicrographs  of  selected  test  specimens  were 
examined  and  the  observations  correlated  to  the  aging  performance  of  the  magnets. 
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Relative  and  absolute  electron  impact  ionization  cross 


sections  were  measured  for  species  of  three  elements.  The  data  includes  results 
on  Au'*’,  Au2+,  Au3+,  Cr+,  Cr^^,  Fe+,  Fe2+,  and  Fe3+,  Total  cross  sections  re- 
sults on  the  elements  are  also  reported.  A description  of  the  procedure  and 
equipment  as  well  as  some  of  the  difficulties  in  the  experiment  are  presented. 
Related  information  from  the  literature,  both  experimental  and  theoretical,  are 
discussed  in  a comparative  context. 
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We  have  studied  the  chemistry  of  reactive  atmosphere  pro- 
cessing (rap)  for  the  grovth  of  crystals  of  chlorides,  bromides  and  halides. 

The  purity  and  freedom  from  extrinsic  absorption  obtained  by  RAP  are  important 
in  the  application  of  halides  as  optical  elements  in  high  power  lasers.  The 
prototype  of  RAP  is  CClj^  in  the  growth  of  KCl;  it  reacts  directly  with  water  to 
scavenge  all  but  traces  of  this  contaminant  and  pyrolyzes  with  the  formation  of 
nascent  halogen  to  react  rapidly  with  hydroxide  ions  in  the  melt . Our  approach 
with  the  bromides  and  fluorides  has  been  to  seek  RAP  agents  which  simulate  the 
behavior  of  CCl^  with  KCl.  On  the  basis  of  its  hydrolysis  behavior,  we  selected 
CH2Br2/He  as  the  RAP  agent  for  KBr.  We  directed  our  work  on  KCl  toward  problems 
associated  with  the  scale  up  of  RAP  to  produce  KCl  crystals  of  greater  than 
10-cm  diameter.  Hydrogen  fluoride,  previously  used  alone  as  a RAP  agent  for 
fluoride  crystal  growth,  is  fast  acting  but  does  not  achieve  a low  RAP  index, 
P(H20)/P(HF) . We  have  supplemented  it  with  a fluorocarbon  and  achieved  improved 
transparency  with  CFj^  admixtures. 
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A developmental  investigation  directed  toward  the  fabri- 
cation of  ZnSe,  ZnS  and  mixed  crystal  ZnSQ^_jjSejj  windows  by  a physical  vapor 
transport  (PVT)  technique  was  conducted.  It  was  found  that  the  use  of  a liquid 
nitrogen  trap  greatly  enhanced  materials  purification  in  both  the  dynamic 
vacuum  sublimation  purification  process  developed  early  in  the  program  as  well 
as  in  the  PVT  fabrication  procedure.  A second  phase  of  the  program  emphasized 
scale-up  to  fabricate  a window  U in.  x 6 in.  x 1/2  in.  thick  which  we  selected 
to  pursue  in  an  8-in.  diameter  size. 
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ABSTRACT:  A research  project  was  undertaken  to  characterize  the 

processes  which  take  place  when  militarily  relevant  materials  are  degraded  in 
the  atmosphere  hy  a 10.6mCW.  Measurements  were  made  of  properties  of  plimies 
produced  by  the  irradiation  of  Lexan,  Plexiglas  and  Graphite-epoxy,  boron- 
epoxy  composites.  Plvme  compositions  were  detemined  by  means  of  a molecular 
beam  mass  spectrometry  together  with  fast  data  acquisition  systems.  Plume 
temperatures  were  measured  by  optical  pyrometric  and  line  reversal  techniques. 
Measurements  were  also  made  of  the  ].aser  beam-plume  and  plume-sampling  probe 
interactions.  It  was  found  that  Lexan  plumes  were  not  in  therrao.chemical  equi- 
libriijm.  Plexiglas  was  found  to  vaporize  to  methyl  methacrylate  monomer.  Com- 
bustion processes  involving  the  surrounding  air  were  observed  in  the  formation 
of  composite  plumes.  Evidence  for  significant  attenuation  of  the  incident  laser 
beam  by  both  Lexan  and  Plexiglas  plvimes  was  also  found. 
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Thin  films  of  niobiiim  were  sputter  gun  deposited  under 
controlled  conditions  and  subsequently  analyzed  using  auger  electron  spectro- 
scopy. The  film  thickness  was  varied  and  critical  temperature  measured.  A 
technique  for  measuring  the  surface  roughness  was  developed.  Deposition  of  ni- 
obiimi  carbonitride  was  attempted;  however,  unforseeable  difficulties  were  en- 
countered and  resolved  until  latter  stages  of  the  contract . 
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This  report  describes  a process  called  polarization  which 
expensive  beryllium  memory  disks  and  eliminates  the  require- 


ment for  destruction  while  totally  removing  the  classified  information.  The 
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Air  Force  Materials  Lab  recommended  a magnetic  over saturation  of  five  to  one. 
Engineering  specification  ABO  125-027  shows  that  the  point  of  magnetic  sat- 
uration for  the  iron  oxide  coating  (which  is  where  the  information  is  stored  on 
the  disk)  is  600  gauss.  Therefore,  a magnet  in  excess  of  3000  gauss  will  be 
used.  Also  described  in  this  report  is  a recommendation  on  handling  procedures 
for  those  computers  that  fail  to  overwrite.  Top  Secret  Crypto  computers  were 
also  considered.  It  is  recommended  that  a Hall  Tester,  which  measures  magnetic 
field  strength,  be  designated  as  a critical  component.  This  would  require  that 
the  magnetic  field  used  for  polarization  be  checked  for  field  strength  each 
time  it  is  used. 
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Optical  properties  of  samples  from  a large  KCl:  Eu 
crystal,  produced  by  the  Harshaw  Chemical  Company  as  part  of  the  AFML  laser  win- 
dow development  program,  have  been  investigated  over  a wide  spectral  region. 

The  overall  Eu’*"*’  content  varies  throughout  the  sample  according  to  the  expected 
distribution  of  this  ion  during  solidification  with  the  Eu'*"*'  content  increasing 
from  cone  to  heel.  Irradiation  to  1o”r  is  shown  to  modify  the  Eu'*”*’  absorption 
spectrum,  decreasing  the  Eu'*"''  absorption  peak  heights,  and  shifting  the  2^00  A 
band  toward  longer  wavelengths.  The  latter  may  be  due  to  the  growth  of  a new 
band  near  2700  A. 
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The  objective  of  this  research  program  is  to  develop  the 
solution-growth  technology  of  FaP  so  that  crystals  of  sufficient  size  and  uni- 
formity can  be  produced  for  Air  Force  photodetector  applications.  To  accomplish 
this  objective,  twogrowth  techniques,  bulk  solution  growth  (BSG)  and  liquid 
phase  eqitaxy  (LPE)  have  been  developed. 
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ABSTRACT:  The  Fifth  Conference  of  Infrared  Laser  Window  Materials 

was  sponsored  by  the  Advanced  Research  Projects  Agency  and  held  in  Las  Vegas, 
Nevada  on  December  1,  2,  3 and  it,  1975*  In  the  three  years  since  the  initiation 
of  laser  window  programs,  there  has  been  a continual  evolution  and  advancement 
in  the  applied  and  exploratory  research  and  development  of  laser  window  mate- 
rials. Within  the  past  year,  laser  window  design  and  hardware  productions  have 
been  undertaken  and  completed.  In  addition,  there  have  been  numerous  achieve- 
ments in  the  fabrication  and  characterization  of  laser  window  materials.  The 
progress  in  these  and  related  technical  areas  was  the  basis  of  the  subject 
matter  treated  at  the  conference. 


REPORT  NO:  AFML-TR-76-96  AD  B0l4  990L 

ACCESS  NO:  204,621  June  1976 

TITLE:  LASER  WINDOW  MATERIALS  CHARACTERIZATION 

AUTHOR(S):  J.A.  Detrio,  G.T.  Johnston,  R.J.  Harris  and  D.A.  Walsh 

CONTRACT  NO:  F33615-74-C-5001 

CONTRACTOR:  University  of  Dayton  Research  Institute 

PROJECT  MONITOR;  G.A.  Kepple  ( AFML/LPO ) 

PROJECT  NO:  N/A 

TASK  NO:  N/A 

DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  This  report  summarized  the  results  of  laser  window  mate- 

rials studies  including  optical  evaluation,  laser-induced  degradation  and  ther- 
mal distortion  experiments,  and  the  production  and  evaluation  of  sputter- 
deposited  optical  coatings.  The  optical  evaluations  consist  of  calorimetric 
determinations  of  absorption,  scattering  measurements,  thermooptic  measurements 
and  poleiriscopic  observations.  Two  modes  of  laser-induced  degradation  were 
studied;  they  eire  thermally  induced  mechanical  failure  and  thermally  induced 
optical  distortion. 
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ABSTRACT:  For  distinct  antireflection  (AR)  and  half-wave  coatings  of 

their  constituent  coating  materials  were  evaluated  for  5.3  microns  on  CaF2  and 
BaFg  substrates.  The  coating  materials  were  lead  and  strontium  fluoride,  thor- 
ium tetrafluoride  and  zirconium  dioxide.  The  coatings  were  evaluated  with  regard 
to  absorption,  peak  transmission,  bandwidth,  residual  strain  and  adhesion.  The 
absorption  measurements  obtaining  three  different  calorimeters  are  compared.  Ex- 
pressions for  equivalent  or  Herpin  three-layer  films  for  the  case  of  arbitrary 
equivalent  index  and  phase  thickness  are  also  contained  in  the  Appendix.  These 
expressions  are  an  extension  of  the  work  of  Epstein,  and  they  are  not  presently 
available  from  the  literatiare. 
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Plasma  melting  equipment  of  production  scale  was  estab- 
lished by  modification  of  an  existing  nonconsimable  electrode  melting  facility. 
A 1.2  megawatt  power  capability  plasma  torch  was  operated  up  to  a power  level 
of  600  KW,  and  several  melts  were  made  using  nickel  base  alloy  and  titanium 
alloy  scrap.  The  argon  gas  plasmarc  has  been  shown  to  be  a useful  high  heat 
source  for  melt-consolidation  of  super  alloy  and  types  of  scrap  including  re- 
active metal  scrap  into  suitable  electrode  shapes  for  subsequent  consumable 
remelting. 
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The  process  for  manufacturing  compatible  SIGFET's  and 


Bipolar  devices  on  the  same  integrated  circuit  chip  was  modified  and  improved. 


Five  hundred  "kit  parts"  were  manufactured  using  this  process  to  demonstrate 
its  reproducibility.  Two  circuits,  an  operational  amplifier  and  a sample  and 
hold  amplifier,  were  manufactured  using  the  process  to  demonstrate  its  use  in 
data  acquisition  types  of  circuits.  Specifications  and  performance  figures  for 
the  circuits  are  presented. 
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ABSTRACT:  The  purpose  of  this  program  was  to  establish  equipment, 

toolingj  and  process  requirements  for  low-cost  laser  trimming  of  flat  and  formed 
sheet-metal  parts.  The  program  objectives  were:  (l)  use  a technique  that  in- 
volves manual  manipulation  of  an  articulated  optical  train  about  a template 
(2}  the  equipment  shall  have  at  least  5°  of  motion^  (3)  nozzle-to-workpiece  gap 
shall  be  controlled,  (1+)  feedrate  shal?.  be  measurable  and  controlable,  (5)  estab- 
lish a low-cost  technique  for  supporting  parts  being  trimmed, (6)  identify  op- 
erating parameters, (7)  provide  operator  protection, (8)  material  to  be  cut  in- 
cludes titanium  (Ti-6A1-W)  and  steel  in  the  0.025"  to  0.125"  thickness  rangeland 
(9)  emphasis  to  be  on  a low-cost  method  for  small-lot  production.  The  p\irpose 
and  objectives  of  this  program  have  been  met,  and  this  report  describes  in  de- 
tail how  those  objectives  were  accomplished. 
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bides,  composites  (ceramics),  micrograin  carbides,  and  Borazon  tools  which  ap- 
peared suitable  for  machining  aerospace  alloys  were  tested.  Several  of  these 
new  tools  permitted  appreciable  higher  production  rates  in  the  machining  of  U3U0 
steel,  Ti-6Al-i^V  alloy  and  Rene'  1+1.  Machinability  data  was  developed  on  the 
following  alloys:  HY  I80  steel,  Gatorized  AF2-1DA,  P/M  Ti-6A1-1+V  alloy,  and 
Astroloy  (as  HIP'd).  End  mill  finishing  and  roughing  data  were  developed  on  the 
following  alloys:  annealed  U3I+O  steel,  217  BHN;  annealed  Ti-6A1-1+V  alloy,  321 
BHN  and  7075-T651  aluminum,  179  BHN.  This  data  involved  machining  parameters 
such  as  tool  life,  cutting  forces,  surface  finish,  cutter  breakage  forces, 
horsepower,  and  deflection.  The  tool  life  data  was  developed  on  the  first  two 
alloys  only.  These  machining  recommendations  are  directly  applicable  to  con- 
ventional, N/C  and  adaptive  control  end  milling  of  airframe  structures. 
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A number  of  the  newest  tool  materials  such  as  coated  car- 
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ABSTRACT:  Two  production  size  mills  were  successfully  modified  for 

the  heated  roll  rolling  of  high-strength  alloy  sheet  and  shape  products.  The 
Battelle  l6x2h  reversing  rolling  mill  was  successfully  modified  to  a Jj-high 
configuration  with  the  use  of  radiant  heaters  for  heating  of  the  roll  siirfaces 
to  temperatures  up  to  1500 (8l6C).  Except  for  the  problems  encountered  in 
maintaining  cooling  fluid  seals  on  the  backup  roll  necks,  performance  of  the 
mill  was  quite  satisfactory.  The  modification  of  a production  10-inch  shape 
rolling  mill  is  described.  Unitemp  AF-IDA  roll  sleeves  were  installed  on  Type 
A-9  die  steel  arbors,  lubrication  systems  modified  and  necessary  air  and  water 
cooling  facilities  installed.  Quartz  tube  radiant  heaters  were  also  used  for 
heating  these  rolls  to  temperatures  up  to  1500'’F  (8l6c).  The  results  suggest 
that  pack  rolling  can  be  eliminated  provided  appropriate  heating  equipment  can 
be  positioned  on  either  side  of  the  mill  so  that  rolling  can  progress  on  a semi- 
continuous  basis. 
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A process  to  significantly  reduce  the  manufacturing  cost 
of  boron  acrylic  sind  boron  acrylic  alumin\mi  preform  materials  was  established. 
Various  fugitive  binders  were  evaluated  from  the  standpoint  of  product  handle- 
ability,  tape  integrity,  tack,  ease  of  lay-up,  and  bake  out  characterisitcs . 
Techniques  for  collimating  filaments  and  acrylic  into  1/1*"  tape  and  l/h"  tapes 
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into  widths  up  to  six  inches  were  established.  Techniques  for  applying  aluminum  I 
foil  to  the  boron/acrylic  tape  during  fabrication  were  also  demonstrated.  De-  | 
tailed  cost  comparisons  between  conventional  drum  wound  boron/acrylic  sheets  and  H 
continuous  tape  manufacturing  methods  were  accomplished.  J 
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ABSTRACT:  Pilot  production  methods  were  developed  for  Nd:YA103 

solid  state  laser  crystal  rods  of  both  b and  axial  orientations.  The  growth 
and  materials  problems  were  solved  to  produce  high  quality  boules  of  1-1.5 
inch  diameter  and  6-9  inches  long.  Nearly  100  laser  rods  were  subsequently 
fabricated  from  available  material.  Under  the  test  portion  of  the  program, 

35  rods  of  different  size  and  orientation  were  further  characterized  by  active 
laser  parameters,  both  in  the  long  pulse  and  Q-switch  modes.  These  rods  were 
delivered  to  the  Air  Force  as  representative  of  commercially  available  items.  A 
pilot  line  for  a 25  rod  per  month  capacity  was  completed  with  no  difficulty. 
Present  data  indicate  that  there  are  finite  limits  to  quality  rod  size  and  laser 
performance  for  anisotropic  hosts  such  as  YAIO3. 
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ABSTRACT:  Investigations  are  described  which  lead  to  the  implemen- 

tation of  manufacturing  methods  and  processes  for  fabrication  by  aluminum  an- 
odization of  single  and  dual  layer  metal  interconnects  for  radiation  heurdened 
integrated  circuits.  In  addition,  an  all  aluminum,  radiation  hardened,  multi- 
chip assembly  method  is  described  that  completely  eliminates  flying  wires  and 
achieves  a high  chip  packing  density  in  a hermetically  sealed  package.  These 
manufacturing  methods  are  demonstrated  by  the  fabrication  of  anodized  radiation 
hardened  integrated  circuits  and  by  the  fabrication  of  a multichip  six  bit  adder, 
each  containing  twelve  anodized  and/or  inverter  TTL  gates  and  four  anodized  quad 
two  input  NAND  gates. 
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ABSTRACT:  This  report  describes  the  results  of  studies  to  increase 

the  understanding  of  the  requirements  for  successful  glass  passivation,  by  chem- 
ical vapor  deposition  (CVD),  of  metallized  silicon  planar  integrated  circuits 
(ICs)  to  improve  both  performance  and  reliability.  The  composition  and  quality 
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of  passivation  layers  of  commercially  available  ICs  were  determined  to  establish 
baseline  CVD  conditions.  The  fundamental  properties  of  CVD  PSG  films  were 
determined  and  correlated  with  mechanisms  that  can  cause  electrical  degradation 
or  catastrophic  failure  of  ICs  with  inadequate  CVD  passivation;  specifically, 
failure  mechanisms  of  glass-passivated  devices  were  induced  on  test  devices 
using  CVD  films  deposited  by  baseline  conditions.  The  results  of  this  program 
have  significantly  increased  understanding  of  material  and  processing  require- 
ments for  glass  passivation  of  ICs. 
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ABSTRACT:  The  manufacturing  technology  for  the  production  in  quantity 

of  superior  quality,  low  cost  GaAs  stacked  arrays  is  discussed  with  respect  to 
GaAs  epitaxial  materials  technology,  array  packaging  methods  and  device  pro- 
duction processes.  Triple  Heterojunction  (TH)  5-stack  laser  diode  arrays  in- 
corporating double-sided  heat  sinking  and  exhibiting  excellent  high  temperature 
performance  characterisitcs  have  been  developed  at  Laser  Diode  Laboratories.  To 
demonstrate  the  manufacturability  of  these  devices,  a pilot  production  run  of 
100  units  was  successfully  completed  utilizing  the  processes  developed  under 
this  contract. 
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ABSTRACT:  Multi-axis  laser  trimming  was  shown  to  be  a cost-effective 

means  of  trimming  high-strength  aerospace  hardware.  Formed-peurt  trimming  ca- 
pabilities were  achieved  through  the  design  and  fabrication  of  three  new  systems: 
manual  rotary  guide,  adaptively  controlled  Z-axis  and  part  manipulator.  High- 
power  (750  to  6000w)  laser  cutting  tests  showed  the  following:  laser  power 
requirements  for  l*3l*0  steel  increase  rapidly  with  Increasing  material  thickness; 
small  increases  in  laser  power  for  Waspaloy  substantially  improve  cutting  capa- 
bility; cut  quality  of  titanium  does  not  improve  at  high  power  levels. 
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ABSTRACT:  This  program  has  established  that  the  forming  or  draping 

of  uncured  broadgoods  is  a viable  low-cost  manufacturing  technique  for  fabri- 
cating advanced  composite  primary  aircraft  structure.  The  limitations  of  the 
draping  technique  have  been  established  in  areas  such  as  fiber  orientation, 
sheet  thickness  and  size,  impact  of  layup  anomalies  such  as  darts  and  folds, 
and  material  forms. 
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ABSTRACT:  The  ultimate  objective  of  this  program  is  to  establish  a 

low  cost  manufacturing  method  for  the  production  of  three  dimensionally  woven 
phenolic  resin  matrix  composites.  This  report  describes  a centrifugal  impreg- 
nation and  cure  process  for  achieving  this  objective.  Contained  in  this  report 
is  a general  description  of  the  centrifugal  impregnation  theory,  a detailed 
description  of  the  process  as  optimized  dxiring  this  program,  and  physical  and 
mechanical  properties  results  of  both  flat  and  cylindrically  woven  three  dimen- 
sional composites  from  quartz  carbon  and  graphite  yarn.  There  is  also  chemical 
analysis  data  on  properties  of  phenolic  resin  that  provide  best  impregnation 
results. 
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DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  The  overall  objective  of  this  prograin  vas  to  establish 

manufacturing  processes  and  specifications  for  the  scale-up  production  of  three- 
dimensionally  (3D)  reinforced  carbon/carbon  cctnposite  materials  for  use  as  heat 
shields  in  advanced  missile  reentry  systems.  Various  conical  shell  configura- 
tions were  fabricated/processed  to  establish  baseline  meuiufacturing  technology 
and  specifications  and  to  serve  as  demonstrations  of  the  scale-up  producibility 
of  3D  carbon/carbon  composite  materials.  The  forward,  transition-region  and 
aft  sections  of  a full-scale  frustum,  as  well  as  a full-scale  (transition) 
frustum,  were  fabricated  under  the  program.  Details  of  the  manufacturing  meth- 
ods and  controls  established  for  scale-up  production  of  3D  carbon/carbon  com- 
posite shells  for  eventual  use  as  heat  shielding  material  are  presented  in  the 
report . 
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with  lOO-hour,  25-cycle  capability  has  been  developed  for  the  AN/AAO-8  system. 

The  pilot  production  run  at  the  rate  of  25  lamp  starts  per  day  was  carried  out 
with  an  overall  yield  of  21  lamps  through  B\irn-In  and  Test.  Technical  goals  of 
f the  program  have  been  exceeded.  The  air-compatible  lamp  can  operate  in  natural]y 

convecting  air  at  600  degrees  C for  over  200  hours  and  eliminates  the  require- 
ment for  a protective  gas  environment  in  the  equipment.  Lamp  fabrication  de- 
tails and  test  results  are  presented. 
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A series  of  fabrication  and  heat  treatment  sequences  were 
evaluated  to  develop  processing  cycles  that  optimized  property  levels  in  Ti- 
62U6  and  Ti-386UU  hand  forgings.  Die  forgings  were  then  produced  using  the 
optimtun  process  for  each  alloy  to  demonstrate  that  reliable  and  consistent 
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property  levels  could  be  obtained  in  airframe  structural  parts.  Details  of  the 
processing  cycles  are  given.  Good  combinations  of  fatigue  endurance  limits, 
stress  corrosion  cracking  thresholds,  fracture  toughness,  thermal  stability,  and 
resistance  to  cyclic  crack  growth  rate  were  developed.  These  property  levels 
make  the  Ti-62U6  and  Ti-386UU  systems  excellent  candidates  for  thick  section 
airframe  applications. 
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The  production  of  berylli\mi  substructtire  was  undertaken 
as  part  of  the  Carbon-Carbon  Design  Program  (CCDP).  Because  of  a change  in 
beryllium  requirements,  the  program  was  delayed  and  then  redirected.  A study 
of  machining  and  etching  of  internal  aind  external  thread  was  started,  and  it 
was  terminated  prior  to  the  evaluation  of  parts  produced.  Four  cylinders  and 
one  hollow  cone  frustum  were  made  by  direct  hot  isostatic  pressing  of  electro- 
lytic grade  beryllium  powder.  Mechanical  properties  of  the  cylinders  are  re- 
ported and  are  found  to  meet  the  requirements  established  for  the  material. 
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The  results  of  a sequential,  three-phase  program  be- 
design,  fabrication  and  evaluation  of  four  welding  fixtures 


(flat  plate,  cylindrical,  special  shapes  and  preheat)  and  ending  with  a process 
demonstration  on  F-lU  beams  are  reported.  A selected  aerospace  structure  (F-lU 
wing  beam)  was  successfully  SSEB  welded,  thus  demonstrating  equipment  capability 
to  fabricate  production  parts.  Tensile,  fatigue^and  fracture  toughness  results 
are  presented  for  a welded  wing  beam.  Recommendations  for  further  improvanent 
or  refinement  of  the  SSEB  welding  equipment  are  included.  A recommended  industry 
equipment  and  a welding  specification  for  aluminum,  titanivun  and  steel  alloys 
are  also  included. 
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The  results  of  a sequential,  three-phase  program  be- 
ginning with  the  selection  of  candidate  materials  and  processes  for  Ti-6Al-UV 
titanium  alloy  weld-bonding  and  ending  with  a production  demonstration  of  the 
established  processes  are  reported. 
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This  report  covers  work  accomplished  on  F33615-75-C-5229. 
The  objective  of  this  program  is  to  establish  a production  method  of  feedback- 
controlled  spotwelding  that  provides  consistent  spotweld  quality  for  aluminum 
weldbonding.  It  is  the  scope  of  this  program  to  combine  special  resistance 
we.Ming  control  equipment  with  a conventional  spotwelding  machine  to  achieve 
consistent  spotweld  quality  through  environmentally  durable  sxirface  treatments 
and  adhesives.  The  program  is  composed  of  two  tasks.  Task  1 is  a weldbonding 
process  optimization  effort.  Task  2 - weldbonding  process  verification  was 
established  for  both  the  paste  and  film  adhesives.  A weldbonding  process 
specification  documenting  the  aluminum  alloy  and  gages,  adhesives,  and  surface 
preparations  successful  in  this  program  is  provided  in  this  report. 
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DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  This  report  describes  the  results  of  a first  year  effort 

on  an  MM&T  Program  for  FLIR  Cost  Reduction  with  the  overall  objective  to  prove 
that  advanced  materials  and  methods  can  be  applied  to  reduce  FLIR  system  cost 
without  degrading  system  performance.  Phase  I - a three-month  Cost  Effective- 
ness Study;  and  Phase  II  - established  feasibility  test  results  which  are  pro- 
duction potential  pay-backs  expressed  as  a factor  of  funding  invested.  A plan 
for  a second  year  follow-on  program  is  included. 
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ABSTRACT:  The  purpose  of  the  program  was  to  explore  the  production 

capabilities  of  the  High  Precision  Tube  Reduces  (HPTR).  The  program  consisted 
of  four  phases,  and  each  phase  was  structured  for  at  least  one  reduction  on  the 
HPTR.  Phase  I - the  goal  size,  in  Ti-3A1-2.5V,  was  0.250"  OD  x 0.0l6"  wall. 
Seven  process  routes  were  investigated.  Three  proc(:3s  routes  used  tube  blanks 
of  welded  origin,  and  the  four  remaining  routes  used  tube  blanks  of  seamless 
origin.  Phase  II  - a production  run  and  product  qualification  was  required 
using  the  best  welded  and  seamless  process  developed  in  Phase  I.  As  no  process 
using  welded  tube  was  developed  in  Phase  I,  an  alternate  process  using  welded 
tube  was  proposed.  Phase  III  - established  to  develop  a manufacturing  process 
for  Ti-6Al-ltV  and  Ti-3A1-2.5V  alloy  hydraulic  tubing.  Phase  IV  - a manufactur- 
ing method  was  to  be  developed  for  a new  alloy,  Ti-10V-2Fe-3Al ; however,  man- 
ufacturing problems  developed. 
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ABSTRACT:  Manufacturing  and  processing  methods  for  the  fabrication 

of  rare-earth  cobalt  magnets  for  application  in  airborne  electric  motors  were 
established.  These  methods  were  implemented  in  a manufacturing  environment  and 
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a liirge  number  of  motor  magnets  were  fabricated.  A jet  fuel  starter  motor 
designed  to  take  advantage  of  high  energy  products,  high  coercivity  Sm-Co 
magnets,  demonstrated  a clear  performance  gain  over  series  field  production 
versions  of  the  same  volume.  In  a 7-hp  servomotor,  test  performance  exceeded 
design  predictions. 
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ABSTRACT:  This  report  discusses  the  manufact\iring  methods  for 

radiation-hardened  MSI/LSI  Integrated  Circuits.  The  design  considerations,  the 
processes,  the  processing  problems  and  solutions, the  electrical  characteristics 
and  the  radiation  tolerance  are  presented  for  5mW/gate,  10  nsec  typical  delays, 
Schottky-clamped  TTl  multiplexers,  shift  registers,  counters  and  arithmetic 
logic  units. 


AD  B014  488L 
June  1976 

VOLUME  I - DISCUSSION 


REPORT  NO:  AFML-TR-76-76,  Volume  I AD  B0l4  488L 

ACCESS  NO:  204,685  June  1976 

TITLE:  MULTI-LAYER  FASTENER  SYSTEMS:  VOLUME  I - DISCUSSION 

AND  SUMMARY 

AUTHOR(S):  J.L.  Phillips 

CONTRACT  NO:  F336l5-74-C-50l4 

CONTRACTOR:  Boeing 

PROJECT  MONITOR:  N.  Klarquist  (AFML/LTM) 

PROJECT  NO:  752-4 

TASK  NO : N/A 

DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  Two  new  technology  drill  units,  an  ultrasonic  unit  and  a 

computer-controlled  hydraulic  drill  unit,  have  been  developed  to  improve  the 
hole-generation  capability  for  large-diameter  fastener  holes  in  multilayer 
stacks  of  alvuniniim,  titanium  and  steel.  The  drill  units  were  equipped  with 
torque  and  thrust  sensors  for  surveillance  of  drill  unit  performance  and,  in 
the  case  of  the  hydraulic  unit,  with  computer  control  functions.  The  formation 
of  burrs  at  material  interfaces  has  been  characterized  for  the  materials  of 
concern  as  well  as  the  effect  of  such  burrs  upon  fatigue  performance.  One  of 
the  new  drill  units  has  demonstrated  a 75^  increase  in  drilling  rate  and  has 
been  evaluated  relative  to  defined  burr  constraints  and  to  practicality  in 
production  applications. 
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Two  new  technology  drill  units,  an  ultrasonic  unit  and  a 
computer  controlled  hydraulic  drill  xinit,  have  been  developed  to  improve  the 
hole-generation  capability  for  large-diameter  fastener  holes  in  multilayer 
stacks  of  aluminim,  titanium  and  steel.  The  drill  units  were  equipped  with 
torque  and  thrust  sensors  for  surveillance  of  drill  unit  performance  and,  in 
the  case  of  the  hydraulic  unit,  with  computer  control  functions.  The  formation 
of  burrs  at  material  interfaces  has  been  characterized  for  the  materials  of 
concern  as  well  as  the  effect  of  such  burrs  upon  'fatigue  performance.  One  of 
the  new  drill  xinits  has  demonstrated  a 75^  increase  in  drilling  rate  and  has 
been  evaluated  relative  to  define  burr  constraints  and  to  practicality  in 
production  applications. 
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Two  new  technology  drill  units,  an  ultrasonic  unit  and  a 
computer-controlled  hydraulic  unit,  have  been  developed  to  improve  the  hole- 
generation  capability  for  large-diameter  fastener  holes  in  multilayer  stacks 
of  aluminum,  titanium  and  steel.  The  drill  units  were  equipped  with  torque 
and  thrust  sensors  for  surveillance  of  drill  unit  performance  and,  in  the  case 
of  the  hydraulic  unit,  with  computer  control  functions.  The  formation  of  burrs 
at  material  interfaces  has  been  characterized  for  the  materials  of  concern  as 
well  as  the  effect  of  such  burrs  upon  fatigue  performance.  One  of  the  new  drill 
units  has  demonstrated  a 75^  increase  in  drilling  rate  and  has  been  evaluated 
relative  to  defined  burr  constraints  and  to  practicality  in  production  appli- 
cations. 
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ABSTRACT:  Two  new  technology  drills,  an  ultrasonic  unit  and  a 

computer-controlled  hydraulic  drill  unit,  have  been  developed  to  improve  the 
hole-generation  capability  for  large-diameter  fastener  holes  in  multilayer 
stacks  of  aluminum,  titanium  and  steel.  The  drill  units  were  equipped  with 
torque  and  thrust  sensors  for  surveillance  of  drill  unit  performance  and,  in  the 
case  of  the  hydraulic  unit,  with  computer  control  functions.  The  formation  of 
burrs  at  material  interfaces  has  been  characterized  for  the  materials  of  concern 
as  well  as  the  effect  of  such  burrs  upon  fatigue  performance.  One  of  the  new 
drill  units  has  demonstrated  a 73%  increase  in  drilling  rate  and  has  been  eval- 
uated relative  to  defined  burr  constraints  and  to  practicality  in  production 
applications. 
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ABSTRACT:  Part  I describes  the  mnufacture  and  testing  of  large 

S-65  hot-pressed  beryllixun  billets.  The  billets  were  made  to  provide  machining 
blanks  for  reentry  body  substructure  components.  Tensile  and  biaxial  test 
results  are  reported  along  with  tensile  stress-strain  curves  and  biaxial  load- 
deflection  curves.  Part  II  describes  machining  studies.  A large  number  of 
lathe-turning  experiments  were  performed  in  developing  improved  procedures  for 
finishing  large  conical  structures.  Procedures  were  developed  which  allow 
high  quality  finish  cuts  to  be  made  without  excessive  tool  wear. 
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ABSTRACT:  Manufacturing  processes,  techniques,  controls. and  proces- 

sing equipment  have  "been  established  for  the  economical  and  routine  production 
of  high-quality  gallium  arsenide  epitaxial  layers  for  use  in  the  fabrication 
of  microwave  devices.  This  report  gives  a detailed  description  of  the  pro- 
cedures developed  in  this  manufacturing  technology  program  including  specifica- 
tions for  the  single-crystal  gallium  arsenide  substrates,  pregrowth  proced- 
ures, growth  processes  for  the  four  devices  made  under  this  contract:  (IMPATT 
avalanche  devices,  field-effect  transistors,  transferred-electron  oscillators 
and  microwave  mixers).  Quality  assurance  procediires,  including  electrical 
characterization,  epitaxial  layer  thickness  and  thickness  uniformity  measure- 
ments, surfacing  inspection  and  packaging  procedures  are  also  given  in  the  body 
of  the  report  and  in  the  appended  process  specs. 
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TITLE:  MANUFACTURING  METHODS  FOR  METAL-MATRIX  STRUCTURAL 

COMPONENTS 
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ABSTRACT:  A boron  aluminum  composite  wing  rib  was  designed  that 

could  be  directly  substituted  for  the  baseline  titanium  rib  located  at  wing 
station  Xpg  l88.5  on  the  B-1.  The  composite  configuration  consists  of  a 
machined  212U-T851  aluminum  frame  to  which  is  attached  by  titanium  lockbolts 
an  isotropic  boron /aluminum  web  of  (03/1*53/902/1353/02/1*52/903/1352)3  lay-up. 
The  composite  wing  rib  was  designed  to  the  basic  design  parameters,  loads 
and  ground  rules  used  for  the  titanium  rib  design.  A detailed  stress  analysis 
of  the  boron/aluminum  rib  design  was  conducted  that  indicated  it  satisfied 
all  the  strength  and  stiffness  requirements.  Cost  savings  in  conjunction  with 
the  33^  weight  savings  clearly  demonstrate  that  the  boron/aluminum  design  is 
cost  and  performance  competitive  with  the  baseline  titanium  design. 
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ELEVATED  TEMPERATURE  ELASTOMERS  FOR  INTEGRAL  FUEL 
TANK  SEALANTS  PART  VI 
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The  concept  of  using  the  activation  energy  for  viscous 
flow,  , which  correlates  the  dependence  of  viscosity  on  temperature  as  a 

means  of  screening  channel  sealant  candidates,  has  been  demonstrated.  It  has 
been  shown  that  structured  carbon  blacks  are  very  effective  in  lowering  AEvisc 
of  FCS-210.  Antioxidants  dissolved  in  fluorocarbon-fluorosilicone  hybrid  poly- 
mers were  screened  by  Differential  Thermal  Analysis  and  the  results  indicate 
that  the  hybrid  polymer  system  can  by  protected  from  oxidative  attack.  Par- 
ticular attention  was  given  to  ferrocene  derivatives  which  showed  promise  for 
protecting  both  filleting  and  channel  sealants. 
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SIGNIFICANT  PROPERTIES  OF  EPOXY  RESINS  AS  MATRICES 
IN  GRAPHITE  COMPOSITES 
R.J.  Kuhbander  and  N.J.  Pagano 
F33615-72-C-I62O 
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It  is  desirable,  for  purposes  of  developing  better 
resins,  to  know  what  properties  of  thermosetting  resins  are  most  significant 
in  affecting  the  structural  properties  of  graphite  fiber/resin  matrix  composites. 
Unidirectional  and  multidirectional  composites  were  fabricated  and  evaluated 
using  five  resin  matrix  system.  The  influence  of  these  resin  properties  on 
composite  performance  was  examined  through  the  experimental  evaluation  of  com- 
posites fabricated  from  several  resin  materials  possessing  rather  widely  vary- 
ing mechanical  properties.  Composite  properties  measured  include:  initial 
modulus,  proportional  limit  and  ultimate  strength. 
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PHYSICAL  CHEMICAL  PROPERTIES  OF  COMPLEX  AROMATIC- 
HETEROCYCLIC  POLYMERS,  PART  V:  RHEOLOGICAL  STUDIES 
ON  CONCENTRATED  SOLUTIONS  OF  HETEROCYCLIC  POLYMERS; 
COMMENTS  ON  THE  "EQUILIBRIUM  PARTIONING"  THEORY 
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AUTHOR:  G.C.  Berry,  C.Wong  and  E.F.  Cassassa 
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ABSTRACT:  Rheological  measurements  in  dry  MSA  {methanesulfonic  acid) 

on  the  heterocyclic  polymer  BBB  (obtained  "by  condensing  3,3'  diaminobenzidine 
with  k,  1*,  5»  8-naphthalenesulfonic  acid)  display  flexible  chain  behavior  de- 
spite the  bulky  rigid  repeating  unit.  Small  amounts  of  moisture  cause  aggre- 
gation to  structures  resembling  randomly  branched  chains.  With  BBB,  aggre- 
gation also  occurs  and  profoiuidly  alters  flow  behavior  with  the  appearance 
of  yield  phenomena  at  low  associations  and  gels  exhibiting  slow  Andrade  on 
further  association.  Comparison  of  theoretical  results  for  flexible-chain  and 
rod-like  polymers  show  that  the  production  of  intrinsic  viscosity  and  molecular 
weight  is  not  a "universal"  calibration  parameter  for  gel  permeation  chroma- 
tography; but  the  correlation  is  probably  a good  one  for  series  of  molecules 
of  similar  architecture. 
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TITLE:  A STATISTICAL  APPROACH  IN  PREDICTING  THE  ISOTOPIC  CLUSTER 

OF  COMPLEX  SPECIES  BY  MASS  SPECTROMETRY 
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ABSTRACT:  The  isotopic  cluster  to  be  expected  for  the  molecular 

ion  of  decachlorouthenocone  has  been  evaluated  through  a statistical  approach. 
Ruthenium  has  seven  naturally  occurring  isotopes  of  mass  98,  98,  99»  100,  101, 
102„and  104  having  a natural  abundance  of  5.51^»  1.87%,  12.72%,  12.62%,  17.07%, 
31.6l%_,and  18.58%  respectively.  Chlorine  has  two  isotopes  of  mass  35  and  37 
with  a natural  abundance  of  75-4%  and  24.6%,  while  the  two  isotopes  of  carbon 
of  mass  12  and  13  have  a natural  abundance  of  98.89%  and  1.11%  respectively. 

The  complete  details  of  the  calculations  have  been  incorporated.  A graph  has 
been  finally  drawn  after  normalizing  the  above  data.  The  applicability  of  this 
method  has  been  discussed. 
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This  report  covers  the  third  portion  of  a technical  effort 
intended  to  provide  advanced  elastomers  meeting  Air  Force  positive  expulsion 
and  fluid  sealing  needs.  Four  main  areas  were  studied:  l)  AF-E-12ltT  elastomer 
was  developed  for  use  with  dinitrogen  tetroxide;  2)  a new  perfluorinated  elas- 
tomeric polymer  was  synthesized  and  cross-linked;  3)  the  degree  of  contamin- 
ation (particularly  silicon)  of  hydrazine  by  AF-E-332  elastomer  was  determined; 
k)  in-tank  compatibility  tests  evaluated  AF-E-12UT  elastomer  with  dinitrogen 
tetroxide  and  AF-E-332  elastomer  with  hydrazine.  Parameters  investigated  during 
the  in-tank  compatibility  tests  were:  l)  propellant  permeation  across  the 
diaphragms,  2)  expulsion  lifetime  capability,  3)  creep  in  the  seal  bead,  1+) 
property  retention  of  the  elastomers .and  5)  some  propellant  analyses. 
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HIGH  PERFORMANCE  ELASTOMER  REINFORCING  MATERIALS,  PART  IV 
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The  acetate  technique  of  the  textile  conversion  process 
was  used  to  prepare  MgO  fibers  for  sintering,  fluoroelastomer  compositing  and 
samples  for  evaluation  at  the  AFML.  CaF2  fibers  were  also  prepared  by  a dif- 
ferent version  of  the  textile  conversion  process.  Flat  sheet  and  O-ring  com- 
posites of  MgO  and  CaF2  fibers  with  a fluoroelastomer  matrix  were  fabricated 
and  evaluated.  An  0-ring  test  procedure  was  developed  and  used  to  evaluate 
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the  extrusion  resistance  at  1*C0F  and  l+,000  psi  of  static  seals  containing  MgO 
and  CaF2  reinforcing  fibers  with  varying  sizes,  concentrations  and  orientations. 
It  was  found  that  seals  containing  the  MgO  and  CaEp  reinforcing  fibers  were 
siginificantly  improved  with  regard  to  extrusion  resistance. 
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ABSTRACT:  An  in-depth  study  of  hydraulic  sealing  systems  based  on 

back-up  rings  and  o-rings  was  initiated.  Commerically  available  back-up  rings 
failed  to  perform  satisfactorily  above  U00°F,  but  thermosetting  polyimide  back- 
up rings  perform  well  under  static  hydraulic  conditions  at  500°F  and  8000  psig. 
The  textile  conversion  process  for  producing  reinforcing  MgO  and  CaF2  fibers  for 
fluoroelastomer  O-rings  was  improved,  and  MgO  fiber  having  an  average  diameter 
of  1.25u  was  prepared, 
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TITLE:  THE  RELATIONSHIPS  OF  STRUCTURE  TO  PROPERTIES  IN  GRAPHITE 

FIBERS 
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ABSTRACT:  Three-dimensional  structural  characterization  of  a variety 

of  carbon  fibers  has  been  completed  following  determination  of  the  axial  and 
radial  structures  in  the  fibers  studied.  Results  indicate  that  longitudinal 
surface  structure  becomes  better  aligned  Eind  more  crystalline  and  radial  skin 
morphology  more  uniform  with  increasing  fiber  modulus.  Surface  crystallinity 
and  non-uniform  surface  axial  structure  degrade  strength  while  uniform  radial 
skin  morphology  will  result  in  micro-compressive  buckling  upon  cool-down  from 
final  heat-treatment  temperatures.  Fiber  interiors  tend  to  have  poorer  axial 
preferred  orientation  and  crystalline  perfection.  Fibers  tend  to  fail  from 
brittle  fracture  to  fibril  decoupling  to  plastic  deformation  as  modulus  in- 
creases. 
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ABSTRACT:  Modes  of  failure  in  Fiber  B and  Kevlar  I,  III  and  IV 

fibers  have  been  studied.  The  buckling  of  these  fibers  in  comnression  is  mani- 
fested as  oblique  strain  markings.  Abrasion  does  not  appear  to  cause  drastic 
reductions  in  strength.  The  differences  among  the  carbon  fiber  cloths  and 
their  precursors  are  substantial  and  can  be  expected  to  result  in  performance 
changes  when  CCA-1  is  replaced  by  either  substitute.  Variations  in  fiber  shape 
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and  optical  activity  are  related  to  the  presence  of  both  isotropic  and  mosophitic 
portions  in  the  precursor  pitch. 


REPORT  NO: 

ACCESS  NO: 

TITLE: 

AUTHOR(S): 
CONTRACT  NO: 
CONTRACTOR: 
PROJECT  MONITOR: 
PROJECT  NO: 

TASK  NO: 

DIST.  STATEMENT: 


AFML-TR-T2-229,  Part  IV  AD  BOlU  153L 

20k,hQ^  January  1976 

DEVELOPMENT  OF  HIGH  TEMPERATURE  FUNCTIONAL  FLUIDS 
R.  Hamon  and  T.  Psarras 

F33615-TI-C-IU06 

PCR,  Incorporated 
C.E.  Snyder  (AFML/MBT) 

731*0 

731*008 

U.S.  Govt.  Agencies  Only 


ABSTRACT:  Tetrafluoroethylene  Oxide  (TFEO)  was  prepared  by  photo- 

chemical oxidation  of  tetrafluoroethylene  and  oligomerized  to  the  penamer, 
hexamer  and  heptamer  acyl  fluorides.  The  corresponding  6e,  6e,  6e  and  7e,  7e, 
7e  triazines  were  prepared.  The  addition  of  hexafluoropropylene  oxide  (HFPO) 
to  TFEO-  penamer  acyl  fluoride  was  studied  and  the  corresponding  (5e,lp)- 
triazine  was  prepared.  Carbonyl  fluoride  oligomers  were  prepared  by  photo- 
chemical oxidation  of  hexafluoropropene  and  end-capped  by  addition  of  HFPO. 
Several  mixed  carbonyl  fluoride/HFPO  triazines  were  prepared. 
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Long  life  elastomeric  hydraulic  seals  have  been  under 
development  for  a period  of  four  and  one-half  years.  The  compound  development 
approach  and  the  dynamic  evaluation  of  0-rings  as  both  rod  and  piston  type  seals 
has  been  described  in  previous  reports.  One  principle  develonment  was  a com- 
pound that  met  the  concept  of  a Type  II  system.  This  compound  AFE-XN1925-33 
(Parker  N756-75)  was  responsible  for  the  creation  of  the  interim  specification 
MIL-R-83l*6l  which  may  eventually  replace  MIL-R-25632.  Another  accomplishment 
was  the  successful  dynamic  performance  of  fluorocarbon  O-rings  for  at  least 
1000-hour  service  in  two  types  of  service.  The  major  accomclishment  was  the 
successful  1000- hour  rod  seal  performance  of  three  nitrile  compound  tested  at 
325F.  Other  accomplishments  concerned  the  performance  of  the  backup  system 
chosen  for  evaluations  of  0-rings  above  27 5F. 
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Type  P fibers  are  capable  of  achieving  a tensile  strength 
of  U.O  GPa  (app.  600  Kpsi)  with  sm  elongation  to  break  approaching  2.0  percent. 
However,  such  properties  have  been  measured  only  on  monofilaments  with ■*7. 5 A® 
diameter,  carbonized  at  I700OC  and  prepared  from  a mesophase  pitch  derived  from 
a csurefully  filtered  precvursor.  The  modulus  of  the  fibers  is  easily  increased 
by  heating  to  higher  temperatures,  but  the  tensile  strength  is  usually  reduced 
by  such  treatment.  The  tensile  strength  of  the  fiber  shows  a strong  dependence 
on  the  gauge  length  down  to  about  .3mm.  Frequency-of-break  analysis  revealed 
a bimodal  distribution.  Fiber  failure  below  2.0  GPa  (300Kpsi)  is  induced  by 
macro- flaws  such  as  foreign  particles,  voids  and  surface  cracks;  all  of  which 
were  indentified  by  optical  and  electron  microscopy. 
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Antistatic  coatings  for  aircraft  radomes  were  formulated 
with  polyurethane  and  fluoroelastomer  binders  and  with  antimony-doped  tin  oxide 
pigment.  A continuous  process  was  developed  for  firing  the  tin  oxide  pigment  in 
a laboratory  size  kiln.  Resistivity  of  the  pigment  from  the  continuous  process 
was  the  same  as  that  obtained  in  the  earlier  batch  process,  and  color  was 
lighter  than  most  of  the  batch  processed  pigment.  Coatings  with  specification 
surface  resistivity  were  formulated  from  both  polymeric  binders.  Better  re- 
producibility -was  obtained  with  the  fluorelastomer  binder.  Radar  transmission 
of  the  fluoroelastomer-based  coatings  exceeded  90^.  Rain  erosion  resistance 
up  to  l48  minutes  at  500  mph  was  attained.  The  thermal  flash  resistance  of 
all  the  coatings  was  lower  than  desired. 


REPORT  NO: 
ACCESS  NO: 
TITLE: 


AUTHOR(S): 
CONTRACT  NO: 
CONTPJVCTOR : 


AFML-TR-73-243,  Volume  III  AB  BOll  456L 

202,596  JanuEu:y  1976 

EXPLORATORY  BEVELOPMENT  OF  PROCESSABLE  LAMINATING  RESINS 
WITH  IMPROVEB  TOUGHNESS  ANB  MOBERATE  TEMPERATURE 
CAPABILITY:  VOLUME  III,  PHASE  II  AND  III 
R.W.  Vaughan,  M.K.  O'Rell  and  C.H.  Sheppard 

F33615-72-C-2122 

TRW  Systems 


56 


AFML/MB 


1 


PROJECT  MONITOR:  L.  Picklesimer  (AFML/MBC) 

PROJECT  NO:  731+0 

TASK  NO:  731+003 

BIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  Resin  optimization  studies  and  adhesive  development  work 

were  continued  with  the  DONA  polymide  resin  developed  under  Phase  I of  this 
program.  Objectives  of  the  Phase  II  and  III  studies  during  this  twelve-month 
period  were  to  identify  a lower  boiling  solvent  than  DMF  or  NMP  and  to  develop 
an  adhesive  using  the  DONA  polymide  resin.  The  PMR  approach  was  evaluated  as 
a route  to  obtaining  resin  stability  in  low  boiling  solvents.  It  was  demon- 
strated that  the  use  of  DMT  is  key  to  obtaining  sufficient  imidization  prior 
to  cure  at  li00°F.  Attempts  to  develop  an  adhesive  using  the  DONA  polymide 
resin  were  unsuccessful. 
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ABSTRACT:  Thermal  degradation  and  mass  spectrometric  studies  were 

made  on  two  Nomex  samples  (one  dyed  and  the  other  ucidyed),  two  Nomex  II  samples 
(both  dyed)  and  three  PBI  samples  (one  undyed  and  two  dyed).  The  kinetic 
parameters  of  activation  energy,  pre-exponential  factor  and  reaction  order  for 
each  degradation  reaction  was  determined  for  each  fiber  sample.  From  this 
investigation,  it  was  found  that  PBI  loses  1+0  percent  of  its  weight  during 
degradation  to  900°C;  whereas,  Nomex  II  loses  50  percent  and  Nomex  loses  6o 
percent  of  its  weight.  PBI  is  also  more  thermally  stable  since  a consider- 
ably higher  temperature  is  required  to  initiate  polymer  degradation.  Nomex  II 
is  significantly  improved  over  Nomex,  but  still  it  begins  to  degrade  before  the 
degradation  of  PBI  ccxnmences. 
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IMPROVED  SURFACE  TREATMENTS  OF  TITANIUM  ALLOYS  FOR 
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ABSTRACT:  Further  refinements  of  the  Vought  Abrasive  Surface 

Treatment  (VAST)  process  were  required  for  production  applications  as  well  as 
proving  the  basic  structural  design  data  for  use  of  the  process  in  future 
aircraft  designs.  In  addition,  further  work  was  needed  in  the  search  for  an 
iinderstanding  of  the  degradation  mechanism  of  adhesively  bonded  titanium  sub- 
jected pursued:  (l)  establishment  of  parametric  limits  for  the  process,  (2) 
development  of  a reliable  testing  technique  to  measure  the  effect  of  environ- 
mental exposure  in  adhesive  bonded  Joints,  (3)  investigation  to  find  the  locus 
of  failure  and  cause  of  interface  deterioratior^  and  (4)  analysis  of  the  sur- 
face that  gives  the  best  bond  to  discover  the  reason  for  good  bonds.  Analysis 
by  infrared  attenuated  total  reflectance  of  fovir  adhesives  after  exposure  to 
heat  and  moisture  are  also  presented  and  indicate  that  the  adhesive  is  also 
critical  to  the  bond  when  the  Joint  is  exposed  to  hostile  environment. 
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MECHANISMS  OF  ADHESION  FAILURE  BETWEEN  POLYMERS  AND 
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This  report  describes  the  continuation  of  a study  of 
aluminum  2024-Te  alloy  and  titaniiim  6a1-4v  alloy  adherends  adhesively  bonded 
with  epoxy  HT424  adhesive.  The  adherend  surface  properties,  after  standard 
preparation  treatments,  were  characterized  with  a number  of  surface  tools: 
Ellipsometry , sxirface  optical  microscopy,  contact  angle,  photo  electron  emis- 
sion_^and  light  scattering.  By  calibrating  the  above  mentioned  instruments  for 
hydroxide  and  organic  films  of  known  chemistry,  it  has  been  possible  to  discern 
the  mechanism  of  aging  degradation.  The  mechanisms  of  bond  failure  have  been 
greatly  elucidated  by  a careful  stuc^  of  the  data. 
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ABSTRACT:  Acetylene-terminated  polyimide  oligomers  were  evaluated 

in  combination  with  high  performance  graphite  fibers  as  molding  compounds.  A 
molding  formulation  was  developed  which  consisted  of  Hercules  A-S  tow  impreg- 
nated with  HR  600  (40  percent  resin)  and  chopped  to  a fiber  length  of  one  inch. 
High  strength  HR  6OO/A-S  moldings  were  prepared  which  gave  flexural  strength 
values  as  high  as  80,000  psi  and  modulus  values  as  high  as  7x10°  psi.  Resis- 
tance to  thermal  aging  was  excellent  up  to  800°F  (57  percent  retention  of 
original  flexural  strength  after  2 hours  aging  in  air  at  800°F).  As  part  of  the 
general  evaluation  of  HR  6OO,  fiberglass  laminates  prepared  from  this  resin  were 
tested  for  dielectric  properties  at  a typical  radar  frequency  as  copper  clad 
laminated  stock  for  printed  wiring  board  applications. 
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TITLE:  EXPLORATORY  DEVELOPMENT  ON  FORMATION  OF  HIGH  STRENGTH, 
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ABSTRACT:  A program  has  been  carried  out  to  produce  continuous 

boron  nitride  filament  yarn  with  a diameter  in  the  range  of  3 to  4 microns.  The 
feasibility  for  producing  the  fiber  with  this  diameter  range  was  demonstrated 
by  reducing  the  tip  orifice  size  from  0.076"  to  0.048".  Three  100  tip  bushings 
and  two  450  tip  bushings  were  constructed  and  evaluated.  The  critical  param- 
eters affecting  the  fiber  drawing  operations  were  identified.  The  results  led 
to  the  decision  to  construct  a 950  tip  Pt-bushing.  This  work  is  currently  in 
process.  The  technique  to  reduce  the  effect  of  filamentizing  was  developed 
by  a new  sizing.  This  facilitates  the  unwinding  of  filament  yarn  for  contin- 
uous nitriding  operations. 
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ABSTRACT:  The  primary  goal  of  this  two-year  program  is  to  quantify, 

numerically  and  experimentally,  the  dynamic  response  of  idealized  laminated 
graphite-epoxy  fan  blades  subjected  to  impact  loads.  Two  impact  cases  will  be 
studied:  one  is  the  short-time  local  response,  Idealized  by  wave  propagation 
in  laminated  plates;  the  other  is  the  structural  response  idealized  by  laminated 
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beam.  This  report  includes  results  of  the  theoretical  and  experimental  pre- 
dictions of  wave  velocities  and  strain  histories  for  the  case  of  inplane  impact 
of  aluminum,  graphite  epoxy  cross-ply  and  graphite  epoxy  angle-ply  plates.  In 
addition,  preliminary  results  for  the  shear-loading  impact  of  the  aluminum  plate 
are  presented. 
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Carbon  specimens  were  produced  by  the  pyrolysis  of  hot 
compacted  precursor  fibers.  Precursor  fibers  investigated  were  polybenzimi- 
dazole (PBl),  aromatic  polyamide  (PRD-1*9)^  and  polyacrylonitrate  (Dralon  T). 


The 


latter  material  was  found  to  offer  superior  fabricality  and  mechanical  proper- 
ties. Substantial  improvements  in  longitudinal  and  transverse  flexural  strengths 
and  in  longitudinal  strain  to  failure  accompanying  lower  Young's  modulus  re- 
sulted from  a relaxation  of  the  Dralon  T precursor  during  the  precompaction 
treatment.  Attempts  to  improve  the  oxidation  resistance  of  fibrous  carbon  bil- 
lets by  incorporating  silicon  into  the  precursor  structure  were  unsuccessful. 
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Addition  of  high  strength,  high  modulus  fibers,  such  as 
graphite,  to  the  adhesive  system  has  been  fo\ind  to  improve  the  fatigue  dur- 
ability of  such  assemblies.  An  increase  in  allowable  fatigue  loading  to  as 
much  as  50^  of  static  strengths  was  demonstrated  in  the  initial  portion  of  this 
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contract  by  addition  of  PWA,  a graphite  fiber  fabric,  to  ADX-653,  a 350F  ser- 
vice system.  The  fatigue  resistance  of  the  ADX-653/PWA  combination,  as  mea- 
sured by  a single  load  test,  was  doubled  by  the  application  of  a silane  finish- 
ing agent  to  the  graphite  surface  prior  to  resin  impregnation.  A five-fold  in- 
crease in  the  expected  bond  lifetime  under  advanced  fighter  aircraft  spectrum 
fatigue  testing  was  demonstrated  using  the  PWA  reinforced  ADX-653  system  as 
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compared  to  a state  of  the  art  nylon  fabric  supported  system.  The  ADX-653/PWA 
system,  although  showing  significantly  improved  spectrum  fatigue  resistance 
over  control,  is  inferior  in  this  parameter  to  an  adhesive  system  currently 
used  in  constructing  an  advanced  fighter  aircraft. 
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ABSTRACT:  To  provide  guidance  for  research  in  polymer  synthesis  for 

high  temperature  nonmetallic  materials,  two  previous  reports  were  issued  (AFML- 
TR-74-177.  Parts  I and  II)  in  which  the  structures  of  aliphatic,  aromatic  and 
heterocyclic  polymers  were  correlated  with  their  thermal  stabilities  based  on 
TGA  data.  Additional  stabilities  of  repeat  units  and  moieties  were  determined, 
and  the  effect  of  ortho,  meta  and  para  substitution,  crosslinking,  molecular 
weight,  pendant  groups^and  other  factors  were  discussed.  The  present  report 
concludes  this  structure-stability  correlation  with  the  discussion  of  semi- 
organic  polymers. 
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ABSTRACT:  This  report  presents  a summary  of  the  second  year's 

effort  in  a two-yesu-  program  to  study  the  influence  of  oil  film  thickness  on 
bearing-lubricant  life  expectancy  in  despin  mechanical  assembly-type  bearings 
operating  in  vacuum.  The  measxirements  show  that,  in  general,  lubricant  star- 
vation occurs  in  the  bearings  with  the  result  that  the  EHD  film  thicknesses  are 
less  thsui  those  predicted  by  the  theoretical  equations  for  flooded  EHD  lubri- 
cation. Examination  of  the  bearings  after  test  termination  reveals  that  sub- 
stantially full  EHD  lubrication  (not  flooded,  but  separation  of  bearing  surfaces) 
at  the  ball-race  contacts  apparently  prevailed  for  the  duration  of  the  tests. 
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ANALYSIS  OF  FILM  THICKNESS  EFFECT  IN  SLOW-LPEED  LIGHTLY- 
LOADED  ELASTOHYDRODYNAMIC  CONTACTS:  PART  II,  MEASURE- 
MENT OF  FILM  THICKNESSES  IN  VACUUM 
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An  experimental  program  was  conducted  on  coupon-sized 


graphite-epoxy  laminate-to-metal  Joints.  Both  adhesively  bonded  and  mechani- 


cally fastened  joints  were  tested  in  fatigue  to  the  same  random  (flight-by 
flight)  spectrum  to  provide  lifetime  and  residual  strength  data.  The  empirical 
data  developed  for  both  types  of  Joints  was  analyzed  using  structural  reliabil- 
ity techniques  that  included  the  use  of  a probabilistic  fatigue  model  pre- 
viously introduced  by  Dr.  J.C.  Halpin  of  AFML  and  M.E.  Waddoups  of  the  Fort 
Worth  Division  of  General  Dynamics.  The  program  also  included  the  development 
of  methods  for  pooling  dispersion  data  to  estimate  the  Weibull  shape  parameter. 
Three  methods  were  developed  and  directly  compared:  parameter  averaging. 


normalization  and  maximum  likelihood. 
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A diffusion  effect  at  the  gas  liquid  interface  during  the 
determination  of  pressure  viscosity  values  in  a capillary  instrimient  is  shown 
to  be  a problem.  A method  to  minimize  the  effects  of  gas  diffusion  is  proposed. 
Pressure  coefficients  for  fluids  such  as  mineral  oils,  "dumbell"  blends  of 
mineral  oil  fractions  and  paraffinic  resin-solvent  blends  are  shown  to  be 
independent  of  pressxire  at  pressures  up  to  at  least  3000  psig  at  a variety  of 
temperatures.  The  correlations  developed  are  shown  to  require  less  physical 
property  data,  apply  to  a wider  range  in  fluidity,  apply  to  a wide  range  of 
chemical,  type  fluids^ and  to  provide  better  accuracy  when  compared  to  a number 
of  leading  correlations  from  the  literature.  Wear  debris  analysis  can  be  used 
to  measure  the  production  of  metal  particles,  metal  oxides  and  organometallic 
reaction  products  produced  in  the  wear  conjunction. 
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ABSTRACT:  This  contract  involved  advanced  characterization  of  three 

MIL-L-27502  lubircants.  These  were  ester  blends  designated  MCS  1710,  MCS  1709 
and  Fluid  12.  Oxidation-corrosion  and  storage  life  tests  were  run  on  all  fluids. 
MIIi-L-27502  bearing  tests  were  run  on  MCS  I7IO  and  MCS  1709;  each  gave  very  good 
results.  Moreover,  both  of  these  blends  have  satisfactory  Ryder  loads.  Two 
hundred  gallons  MCS  1710  plus  a metal  deactivator  were  blended  and  sent  to  AFML 
for  further  evaluation.  The  deactivator  was  added  to  reduce  magnesium  corro- 
sion of  MCS  1710. 
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ABSTRACT;  The  central  impact  of  a mass  on  a simply-supported  lam- 

inated composite  plate  under  initial  stress  is  investigated.  The  contract 
force  and  the  dynamic  response  of  the  plate  are  obtained  by  solving  a non-linear 
integral  equation.  The  energy  transferred  from  the  mass  to  the  plate  during 
impact  is  also  obtained  by  use  of  a normalized  contact  force.  It  is  found 
that  a higher  initial  tensile  stress  elevates  the  maximum  contact  force,  but 
reduces  the  contact  time,  the  deflections  and  the  stresses.  It  is  also  noted 
that  a higher  tensile  initial  stress  results  in  less  energy  transfer  from  the 
striking  mass  to  the  plate. 
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ABSTRACT:  State  of  the  art  tape-wrapped  carbon/phenolic  composites 

are  inadequate  for  lightweight,  seamless,  hydrometeor  erosion  resistant  and 
shock  resistant  heatshields  for  future  AF  reentry  missile  systems. 
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EVALUATION  OF  A PREACTIVATED  SEALANT  SELF-SEALING 
CONCEPT  FOR  PROTECTING  AIRCRAFT  FUEL  TANKS  AGAINST  SMALL 
ARMS  PROJECTILES 
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Approved  for  public  release;  distribution  unlimited. 

This  investigation  was  conducted  to  evaluate  the  merits 
of  a novel  self-sealing  materials  concept  proposed  by  Dynamic  Science  Division 
of  Ultrasystems,  Incorporated  that  offers  the  potential  of  sealing  cored  or 
misaligned  wound  punctures  beyond  the  capability  of  conventional  self-sealing 
fuel  cells  developed  in  the  past.  The  concept  is  based  on  pre-activated  seal- 
ant which  is  in  a pressurized  state  and  thus,  flows  into  and  fills  a cored- 
out or  misaligned  wound.  In  this  case,  a mechanical  technique  for  placing  a 
fluid  sealant  under  pressure  was  investigated.  On  the  strength  of  encouraging 
preliminary  ballistic  test  results,  the  ASD  has  initiated  a program  to  further 
exploit  the  pre-activated  sealant  approach  for  improved  self-sealing  fuel  cells 
in  protecting  aircraft  against  destruction  by  small  arms. 
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INVESTIGATION  OF  STRESS  LEVELS  CAUSING  SIGNIFICANT 
DAMAGE  IN  COMPOSITES 
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This  program  presents  flat  specimen  and  tube  mechanical 
performance  data  on  graphite /epoxy  composites.  The  experimental  program  was 
designed  to  study  significant  damage  stress  levels  in  these  materials.  The 
objective  of  the  investigation  was  to  establish  an  experimental  definition  of 
the  stress  level  within  a composite  specimen  at  which  physical  damage  and/or 
degradation  of  mechanical  properties  are  initiated  such  that  the  material 
resistance  to  subsequent  loadings  is  seriously  impaired.  This  stress  level  is 
referred  to  herein  as  the  "significant  damage"  stress  level.  In  addition, 
related  experimental  methods  were  developed,  and  a laminate  strength  criterion 
was  compared  with  the  experimental  data  generated. 
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ABSTRACT:  A computer  program  has  been  developed  for  the  piu'pose  of 

investigating  cage  instability  in  a despiin  antenna  bearing.  As  a result  of 
the  experimental  and  analytical  studies,  a stability  criterion  is  presented 
•which  relates  stability  to  lubricant  and  cage  properties.  In  general,  it  is 
shown  that  a cage  in  a bearing  can  be  unstable  (regardless  of  the  guiding  sur- 
face) provided  the  cage  is  not  externally  constrained  and  the  ball-race  trac- 
tions are  very  high. 
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ABSTRACT:  Advanced  thermal  protection  materials  are  required  for 

missle  reentry  systems  to  assure  survival  in  natural  and  hostile  environments. 
The  new  composites  consist  of  a 3D  carbon  reinforcement  woven  on  an  automated 
circular  loom  and  impregnated  with  phenolic  resin  using  a centrifugal  process. 
These  composites  demonstrated  the  following  improved  characteristics  relative 
to  conventional  20  layup  two-dimensional  materials:  28  percent  less  ablative 
svirface  recession,  50  percent  greater  rain  erosion  resistance,  30  percent  lower 
radial  thermal  conductivities,  100  percent  greater  circumferential  direction 
tension  and  shear  strengths,  and  significantly  greater  stress  attenuation. 
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AND  MONOLITHIC  CERAMIC  RADOME  MATERIALS 
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ABSTRACT:  Investigation  of  the  influence  of  materials  construction 

variables  effects  and  environmental  parameter  effects  on  the  rain  erosion 
behavior  of  reentry  vehicle  nose  tip,  heat  shield,  and  antenna  window  materials 
and  radome  materials  at  velocities  of  UOOO  to  65000  fps  has  been  conducted  by 
firing  multistaged  rocket  sleds  equipped  with  special  specimen  holders  through 
the  artificial  rainfield  at  Holloman  Air  Force  Base, 
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ABSTRACT:  Further  work  has  been  done  on  the  synthesis  of  a sample 

of  aromatic  polyether,  -ketone,  -sulfone  polymer  with  acetylenic  side  groups 
for  adequate  evaluation,  but  evaluation  results  are  not  yet  forthcoming.  A 
program  on  the  synthesis  of  aromatic  polyether,  -ketone,  -sulfone  polymers  with 
units  of  p-p-diphenic  acid  with  2, 2' -diphenyl ethynyl  side  groups  has  been 
carried  out.  The  polymers  cure  by  an  intramolecular  cyclization  reaction.  The 
copolymers  made  from  the  diphenic  acid  and  isophthalic  acid  have  properties  that 
make  them  interesting  as  matrix  resins  for  glass  laminates. 
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ABSTRACT:  Research  was  conducted  on  organometallic  compounds  in  a 

study  aimed  at  the  production  of  metallated  resins  or  composites  which  upon 
pyrolysis  would  produce  carbonaceous  chars  having  "near"  atomically  dispersed 
metal  atoms  or  "near"  molecular ly  dispersed  metal  carbides.  Metallocenes  were 
considered  as  primary  candidates  for  this  application.  Solutions  of  tantalo- 
cene  in  benzene  were  completely  compatible  with  solutions  of  H-Resin 
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(polyphenylene)  in  benzene  and  when  solvent  was  removed  from  these  solutions, 
homogeneous  tantalocene/H-Resin  blends  were  achieved.  Molded  specimens  made 
frcm  these  compositions,  when  pyrolyzed  produced  chars  with  tantaliam  carbide 
particles  of  about  25-270^  and  after  graphitization,  the  particles  averaged 
150-450^.  X-ray  diffraction  studies  and  transmission  electron  microscopic 
analyses  confirmed  that  these  particles  were  tantalum  carbide. 
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ABSTRACT:  Thermogravimetric-mass  spectral  (TGMS)  analyses  of  the 

volatile  products  of  thermal  degradation  of  l6  polymers  are  reported.  Perfluoro- 
and  perfluoroether-substituted  benzoxazoles  comprise  the  majority  of  the  samples. 
Perfluoro-substituted  benzoxazoles,  in  general,  display  one  temperature  region 
of  volativi.  product  formation.  The  volatile  products  tend  to  be  perfluoro- 
carbons.  Perfluoroether-substituted  benzoxazoles,  depending  upon  the  structure  .'j 

and  location  of  the  substitution,  tend  to  display  one  or  two  regions  of 
volatile-product  formation.  The  temperature  at  which  the  high-temperature 
process  occurs  coincides  with  that  for  decomposition  of  the  perfluoro- 
substituted  benzoxazoles.  Some  of  the  other  samples  analyzed  include  acetylene- 
terminated  imides  and  quinoxolines . No  appearance  of  volatile  products  from 
the  imides  or  quinoxolines  was  noted  at  or  below  the  curing  temperature  (200°C). 
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TITLE:  NUCLEAR  VULNERABILITY  OF  THERMAL  PROTECTION  MATERIALS 
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ABSTRACT:  Material  response  tests  were  conducted  at  the  NEPTUNE-C 

pulsed  electron  beam  facility.  Three  types  of  3-dimensional  carbon  phenolic 
composites  were  exposed  to  the  lOO-nsec  pulse  of  electrons  with  a mean  energy 
of  about  300  keV.  Impulse,  stress,  damage_^  and  beam  diagnostic  measurements 
were  made.  Tape  wrapped,  angle  inter locl^ and  orthogonal  carbon  phenolic 
produced  stresses  of  about  10  kbar  at  120  cal/cm^.  Impulse  measurements  were 
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made  only  for  the  €uigle  interlock  composite  which  produced  up  to  about  6 ktaps 
at  120  cal/cm^.  All  three  materials  exhibited  some  rear  surface  damage  at  this 
fluence  level.  The  considerable  scatter  in  the  material  response  data  could 
not  be  directly  attributed  to  electron  beam  variance. 
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ABSTRACT:  The  objective  of  this  program  was  to  develop  conductive 

and  protective  coatings  for  i>olycarbonate  and  acrylic.  The  approach  taken  was 
to  develop  multilayer  coatings  in  which  each  component  displayed  the  desired 
properties  necessary  to  meet  one  or  more  of  the  program  requirements,  and  such 
that  the  coating  system  as  a whole  would  satisfy  all  the  program  requirements. 
Four  deposition  techniques  were  used  to  deposit  transparent  ceramics,  oxide 
semiconductors,  thin  metal  films  and/or  organic  polymer  films.  Two  methods  of 
achieving  antistatic  coatings  were  used.  Both  methods  produced  abrasion, 
thermal  cycling^ and  solvent  resistant  antistatic  coatings.  However,  the  anti- 
static coating  systems  suffered  a decrease  in  adhesion  with  prolonged  ex- 
posure to  hvmiidity  and  accelerated  weathering. 
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TITLE:  EXPLORATORY  DEVELOPMENT  AND  INVESTIGATION  OF  CARBON- 

CARBON  COMPOSITE  MATERIALS  HAVING  IMPROVED  HYPERSONIC 
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CHARACTERIZATION 
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ABSTRACT:  The  CHIP  Program  objectives  and  the  overall  approach  to 

achieve  them  are  presented  in  this  volume  of  the  CHIP  final  report.  The 
carbon-carbon  erosion  data  in  existence  prior  to  this  study  is  reviewed,  and 
the  material  erosion  trends  observed  from  the  data  are  presented.  To  further 
investigate  these  erosion  trends,  the  material  variables  which  should  influence 
erosion  are  identified,  and  a rationale  is  established  for  selecting  and 
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evaluating  to  determine  the  effects  on  properties  of  the  material  variables: 
constituents,  weave  parameter  and  processing.  Nineteen  different  carbon- 
carbon  materials  were  selected  and  characterized  for  their  physical  thermal  and 
mechanical  properties  and  microstructures.  The  microstructures  and  properties 
are  presented.  The  data  is  analyzed  for  trends  relating  to  the  material  vari- 
ables. Conclusions  based  on  the  observed  trends  are  presented. 
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This  volume  of  the  CHIP  final  report  describes  the  ob- 
jectives of  this  exploratory  development  program  for  improvement  of  carbon- 
carbon  composites  for  severe  erosion  and  ablation  applications.  Selected 
single  and  multiple  particle  impact  data  are  reviewed  which  apply  to  these 
objectives,  and  preliminary  conclusions  are  stated  regarding  these  data.  Results 
of  post-test  analysis  of  Holloman  Sled  Tests  of  rain  erosion  of  CCAP  carbon- 
carbon  are  included. 
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The  experimental  white  and  camouflage  silicone  coating 
systems  were  examined  for  infrared  suppression  capabilities  by  comparison  of 
their  optical  behavior  with  that  of  the  white  polyurethane  system.  These  new 
coatings  offered  a 50?  increase  in  IR  reflectance  over  that  of  the  conventional 
white  polyurethane.  Both  the  polyurethane  and  silicone  aluminized  coatings 
showed  tendencies  to  blister  during  irradiation.  Comparison  of  results  illus- 
trated that  the  white  silicone  provided  the  best  thermal  flash  resistance  al- 
though the  white  polytirethane  also  performed  well.  Due  to  their  low  thermal 
conductivity,  composite  substrates  tended  to  reduce  the  effectiveness  of  the 
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applied  coatings  since  more  of  the  absorbed  energy  was  concentrated  at  the 
surface  of  the  panels,  causing  adhesion  and  binder  instability  problems. 
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ABSTRACT:  This  report  describes  and  gives  the  results  of  tests 

performed  to  measure  the  static  propensity  of  the  Air  Force  regular  issue 
cotton  utility  uniform,  a proposed  polyester/cotton  utility  uniform  and  the 
N-3B  modified  flying  jacket.  Static  potential  (voltage)  was  measured  on  the 
test  subject  after  rubbing  contact  and  separation  of  various  garments.  Tests 
were  conducted  in  an  environmental  chamber  at  70OF-20^  RH,  90°F-20^  RH, 
70°F-55^  RH  and  15°F  with  resulting  hvimidity.  On  the  basis  of  the  tests  con- 
ducted and  on  analysis  of  the  results,  the  proposed  polyester/cotton  utility 
uniform  and  the  N-3B  modified  flying  Jacket  present  no  greater  hazard  in  the 
generation  of  static  electricity  than  the  100%  cotton  utility  uniform  now  in 
service. 
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ABSTRACT:  Exploratory  development  and  evaluation  has  been  con- 

ducted on  self- lubricating  composites  which  utilize  a carbonized  phenolic  resin 
(CPR)  matrix.  Composites  have  been  prepared  with  as  much  as  38%  (vol.)  graphite 
fibers.  Additives  such  as  Sb203,  ZnO  and  tetrafluoroethylene  powders  have 
provided  beneficial  synergistic  effects  within  the  CPR-MoS2-fiber  composites. 

The  composites  with  more  than  30%  fiber  performed  bettei  at  the  high  loads  than 
those  with  lower  fiber  content. 
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ABSTRACT:  Exploratory  development  and  evaluation  has  been  conducted 

on  self- lubricating  composites  which  utilize  a carbonized  phene  ..o  resin  (C?E) 
matrix.  Composites  have  been  prepared  with  as  much  as  59^  (vol.)  graphite 
fibers.  Specimens  have  been  compression-molded  directly  as  jo^lrnal  liners 
within  a metal  housing  or  as  blanks  which  can  be  machined  into  desired  test 
configiirations.  Additives  such  as  Sb203,  ZnO  and  tetrafluoroethylene  powders 
have  provided  beneficial  synergistic  effects  within  the  CPR-MoS2-fiber  com- 
posites. 
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ABSTRACT:  The  first  general  method  adopted  in  this  study  to  pro- 

duce oriented  polymer  films  involves  the  crystallization  of  polyethylenes  in 
dilute  solutions  under  shear.  The  data  indicates  a trend  towards  greater  orien- 
tation with  increased  shear  rate;  however,  the  films  lack  good  physical  in- 
tegrity. Consequently,  the  mechanical  properties  are  low  compared  to  theo- 
retical expectations.  The  second  general  method  adopted  involves  the  simul- 
taneous application  of  a shear  field  and  high  pressure  on  dilute  solutions  of 
polyethylene  in  a top-shirred  high  pressure  reactor  kept  at  constant  stirring 
rates.  The  films  had  greater  physical  integrity  in  this  experiment  than  in 
the  first  method,  but  the  dependence  of  the  mechanical  properties  on  the  pres- 
sure and  stirring  rate  is  not  clear.  A third  general  method  uses  a very  rigid 
polymer  backbone  structure.  The  high  crystallite  orientation  of  these  poly- 
mers suggests  that  they  are  more  likely  to  produce  desirable  mechanical  pro- 
perties. 
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The  HME  resin  formulation  and  synthesis  procedure  were 
optimized  to  yield  a stable  resin.  Composite  and  honeycomb  sandwich  panels 
were  vacuum  bag  molded  and  provided  low  resin  flow  during  cure.  The  resultant 
composite  and  sandwich  panels  demonstrated  excellent  moisture  resistance  and 
suitability  for  seirvice  at  275°F.  Also, the  cocured  sandwich  panels  provided 
equivalent  flatwise  tensile  strength  values  to  secondary  bonded  panels. 
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The  glass  transition  temperatures  of  a number  of  poly- 


siloxanes,  polyarylenesiloxanes,  poly(fluoro)  alkylene  siloxanes  and  poly- 


xylylenesiloxanes  were  determined  to  provide  much  needed  structure-property 
correlations  for  concurrent  research  efforts  focused  upon  the  tailoring  of 
molecular  backbone  structures  as  a means  of  achieving  desired  property  bal- 
ance in  novel  polymers.  This  data,  supplemented  with  data  from  the  literature, 
was  used  to  determine  the  effect  of  structural  features  on  the  glass  transition 
temperature.  Increases  in  glass  transition  temperatures  were  observed  for 
polymers  with  larger  and  bulkier  substituents  on  the  silicone.  The  presence  of 
aliphatic  and  aromatic  moieties  in  the  siloxane  chain  also  coincided  with 


higher  glass  transition  temperatures. 
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In  order  to  study  the  effects  of  moisture  on  graphite 
composites  at  elevated  temperatures,  new  techniques  of  adhesively  bonding  strain 
gages  to  test  specimens  had  to  be  developed.  All  of  the  current  elevated 
temperature  strain  gage  adhesives  require  heat  and  pressure  with  varying  lengths 
of  time  and  temperature  in  order  to  cure.  A room  temperature  curing,  elevated 
temperature  adhesive  would  be  very  desirable  in  order  not  to  negate  the  mois- 
ture effect  (dry-out  the  specimens)  or  further  cure  the  specimens.  The  use  of 
anaerobic  adhesives  was  found  to  be  the  solution  to  this  problem.  New  tech- 
niques were  developed  for  gage  application,  and  other  applications  were  found  to 
utilize  this  adhesive's  unique  characteristics. 
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Six  characteristic  types  of  polyethylene  terephthalate 
(Mylar)  films  were  studied  by  x-ray  diffraction  techniques.  The  degree  of 
crystallinity  extent  of  preferred  orientation,  crystallite  sizes  and  para- 
crystalline  disorder  were  evaluated.  The  exceptionally  high  strength  in  the 
machine  direction  of  type  ll+2T  film  may  be  associated  with  the  high  degree 


of  orientation  achieved  by  a two-way  stretch  followed  by  a post-stretch  in  the 
machine  direction.  The  balanced  physical  properties  in  type  lOOOS  film  are 
likewise  attributable  to  the  presence  of  two-way  stretches  in  mutually  per- 
pendicular directions.  The  influence  of  crystallinity  was  masked  by  the 
anisotropic  disorder  arising  from  varying  degrees  of  preferred  orientation. 
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ABSTRACT:  AFML  Polymer  Branch  research  on  acetylene  terminated 

quinoxaline  CATQ)  polymers  has  been  extended  to  determine  the  potential  of 
this  newly  discovered  material  as  a matrix  resin  for  reinforced  composites. 
Preliminary  investigations  of  mechanical  properties  of  ATQ  research  samples 
have  been  conducted  ajid  the  results  compared  with  those  obtained  on  the  HR- 
600  resin  which  is  under  AF  development.  Preliminary  findings  and  others 
indicate  great  potential  for  ATQ  and  that  additional  quantities  should  be  made 
available  for  the  fabrication  and  evaluation  of  composite  test  specimens. 
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ABSTRACT:  Contamination  kinetics  studied  on  thick  films  from  DC-70U 

and  RTV-602  (commercial  grade)  using  both  infrared  ellipsometry  and  quartz 
microbalances,  confirmed  that  monomers  experience  constant  deposition  rates 
and  reevaporation  rates,  while  polymers  have  an  exponential  decay  in  such  areas. 
Kinetics  data  was  also  obtained  c-n  a purified  form  of  RTV-602  and  on  SR-585 
silicone  adhesive.  Limited  data  was  also  obtained  for  RTV's  -IO6  and  -506. 

The  effects  of  specific  contaminants,  such  as  multilayer  insulations,  a non- 
reflective  black  paint  and  a bonded  silica  fabric , was  determined  on  critical 
properties  of  different  substrates.  Potential  materials  that  might  be  used  as 
Reststrahlen  reflectors  to  reduce  the  effects  of  an  electromagnetic  encounter 
were  indentified.  Also,  the  effect  of  contamination  on  a dielectric  stack  pro- 
posed for  this  same  purpose  was  examined.  The  effect  of  contamination  on 
polarization  mixing  of  the  laser  communication  system  optics  was  experimentally 
measured  and  compared  with  calculated  values. 
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ABSTRACT:  Carboxylated  and  phenylated  biscyclopentadienones  have 

been  copolymerized  with  aromatic  dialkynes  to  afford  a series  of  carboxylated 
phenylated-polyphenylenes . The  polyphenylenes  were  converted  to  the  corre- 
sponding potassiim,  magnesium  and  barium  salts  to  afford  a series  of  aromatic 
ionomers.  A phenylated  biscyclopentadienone  containing  a pyridine  linkage  has 
also  been  prepared  and  polymerized  with  p-diethynylbenzene.  Several  phenylated 
polyimides  have  been  prepared  by  the  polymerization  of  phenylated  dianhydrides 
with  aromatic  diamines.  An  ethynyl-substituted  diamine  was  prepared  and  poly- 
merized to  afford  a phenylated  polyimide  with  pendent  ethynyl  substitutes. 
Finally,  acetylene-terminated  polyphenylene  oligomers  were  prepared  from  a 
biscyclopentadienone  and  excess  p-diethynylbenzene.  Solubility,  themal  cross- 
linking,  and  thermal-stability  of  the  polymers  are  discussed. 
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The  overall  technical  objective  of  this  program  was  to 
of  developing  low  cost  three-dimensional  (3D)  orthogonal 


reinforced  carbon/carbon  heatshield  composites  having  ablative-structural 


performance  characteristics  comparable  to  or  better  than  the  established  state- 
of-the-art  composite  material.  Technical  efforts  under  the  program  were  pri- 
marily directed  at  evaluating  new  low  cost  reinforcements  and  matrix  materials 
having  potential  for  reducing  overall  3D  carbon-carbon  composite  cost.  Pre- 
liminary characterization  evaluations  and  radial  material,  lateral  material  and 
matrix  processing  developmental  evaluations  were  performed.  The  most  promising 
materials  resulting  from  these  studies  were  utilized  to  fabricate  a 3D  carbon- 
carbon  cylinder  as  demonstration  of  a lower  cost  composite  material.  Mechan- 
ical, thermal,  and  ablative  tests  were  performed  on  the  cylinder  material  to 
determine  material  property  characteristics. 
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ABSTRACT;  Dynamic  stress  analysis  of  plastic  rotating  bands  used 

on  projectiles  to  impart  spin  have  been  obtained  by  '.eans  of  a two-dimensional 
finite-difference  computer  code.  The  first  phase  of  the  interaction  within 
the  barrel,  involving  the  axisymraetric  convergence  of  the  plastic  band  into 
the  forcing  cone,  has  been  investigated  in  this  study.  Numerical  solutions  for 
three  rotating  band  problems  were  obtained.  The  results  showed  that  shearing 
forces  acting  along  the  band/barrel  interface  due  to  friction  can  have  a major 
effect  on  rotating  performsuice,  and  that  with  the  current  design,  the  rear 
section  of  the  band  becomes  grossly  distorted.  The  third  case  considered  a 
design  modification  to  alleviate  the  extrusion  problem.  These  intital  analyses 
show  that  finite-differ;  se  code  solutions  of  the  dynamics  of  rotating  bands 
are  practical  and  can  provide  a useful  tool  in  investigating  a nvunber  of  key 
factors  bearing  on  plastic  band  performance. 
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ABSTRACT:  This  investigation  was  carried  out  to  determine  the 

effect  of  various  chemical  treatments  on  the  surface  of  6o61-T6  and  7050-T76 
bare  aluminum  alloys.  After  treatments,  various  chemical  elements  can  be 
found  on  the  surface  arising  from  the  alloy  constituents,  the  chemical  solu- 
tion or  tap  water  rinse.  The  chemical  signature  of  each  surface  should  be 
known  to  assess  adhesive  bond  durability. 
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ABSTRACT:  This  program  is  directed  toward  an  assessment  of  the 

effects  of  rain  erosion  damage  on  loss  in  transmission  of  radiation  through 
window  materials.  The  general  influence  of  the  progression  of  the  material 
removal  process  on  the  spectral  transmittance  of  polymeric  materials  (poly- 
methylmethacrylate, polysulfone,  polycarbonate,  and  nylon)  and  soda  lime  glass 
was  evaluated  for  wavelengths  from  0.5  to  2.1  microns.  An  analogous  erosion 
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sequence  occurred  in  the  plastics  in  which  crevice  propagation  was  also  im- 
portant. For  very  resistant  materials,  an  array  of  minute  pits  and  polishing 
digs  were  observed  after  extended  exposure  at  higher  velocity  (81+5  fps). 
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Surface  characterization  studies  are  carried  out  on 


honeycomb  core  materials  by  Auger  Electron  Spectroscopy  (AES),  Secondary  Ion 
Mass  Spectroscopy  (SIMS),  Ion  Scattering  Spectroscopy  (lSS)jand  Secondary 
Electron  Microscopy  (SEM).  Core  materials  which  were  studied  included  5052, 
5056  and  202I+  aliiminum  alloys;  titanium,  c.p.,  tit6uiium-6  al+miin\im-l+  vana- 
dium, and  stainless  steels.  Effects  of  thermal  segregation  and  chemical  treat- 
ments were  studied. 


REPORT  NO: 

ACCESS  NO: 

TITLE: 

AUTHOR (S): 
CONTRACT  NO: 
CONTRACTOR: 
PROJECT  MONITOR: 
PROJECT  NO: 

TASK  NO: 


AFML-TR-76-27  AD  A030  877 

201+,U98  June  1976 

SYNTHESIS  AND  PROPERTIES  OF  AROMATIC  POLYIMIDES  CON- 
TAINING THE  SIX-MEMBERED  RING  SYSTEM 
G.A.  Loughran  and  F.E.  Arnold 
Internal 
AFML/MBP 

F.E.  Arnold  (AFML/MBP) 

T3U0 

73UOOU 


DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  This  work  was  performed  to  determine  the  best  synthetic 

proced\ire  for  the  preparation  of  six-membered  polyimides  and  the  extent  to 
which  processability  parameters  such  as  solubility  and  fusibility  could  syn- 
thetically be  altered  in  the  polymer  system.  Hydrolytic  stability  of  this  six- 
membered  imide  ring  system  is  discussed.  A number  of  new  aryleneoxy  and 
arylenethio-bis-'pere'  anhydrides  have  been  synthesized  for  use  as  monomers 
for  the  preparation  of  soluble  and  fusible  polyimides  containing  six-membered 
rings.  The  bis-anhydrides  were  converted  to  polyimides  by  solution  poly- 
condensation with  oxyarylenediamines . The  polyimides  were  soluble  in  m-cresol 
and  exhibited  glass  transition  temperatures  in  the  260-360°C  range.  All  of 
the  polymers  displayed  good  thermal  and  thermal  oxidation  properties  although 
high  molecular  weights  were  not  achieved. 
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ABSTRACT:  This  report  is  concerned  with  a novel  approach  to  the 

processing  of  high  temperature  thermoplastics.  A series  of  bis(ethynyl- 
quinoxaline)  monomers  was  prepared  to  demonstrate  the  feasibility  of  using 
reactive  plasticizers  in  the  processing  of  polyphenylquinoxaline  thermo- 
plastics. The  monomers  were  prepared  by  the  reaction  of  4 ( 3-ethynylphenoxy ) -o- 
phenelenediamine  with  various  aromatic  1,2-dicarbonyl  compounds  in  m-cresol. 

The  reactive  plastizier  lowers  the  effective  softening  point  of  the  ther- 
moplastic resin  during  processing  and  then  becomes  dormant  by  reacting  with 
itself  or  the  host  thermoplastic.  Mixtures  of  monomers  and  themoplastic  were 
studied  with  respect  to  compatibility,  Tg  depression^, and  plasticizer  deactivation. 
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ABSTRACT:  This  report  describes  a study  using  a combination  of  ion 

scattering  spectrometry  (ISS)  and  secondary  ion  mass  spectrometry  (SIMS)  along 
with  scanning  electron  microscopy  (SEM)  to  determine  chemistry  and  morphology 
of  surfaces  produced  by  commercial  treatments  on  Ti-6Al-4v  alloy.  Treatments 
include:  alkaline  clean,  alkaline  etch,  phosphate-fluoride,  Pasa-Jell  107» 
and  Vought  Abrasive  Slurry  Treatment  (VAS). 
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ABSTRACT:  This  investigation  is  part  two  of  a program  which  looks 

at  the  effects  of  surface  treatments  on  surface  chemistry  and  morphology  of 
titanium  and  titeinium  alloys.  This  part  considers  the  effect  of  six  surface 
treatments  on  the  aa.loy  titanium-6  aluminum-l*  vanadium. 


AFML-TR-76-29,  Part  III  AD  A032  95h 

20^,608  September  1976 

SURFACE  CHARACTERIZATION  OF  TITANIUM  AND  TITANIUM  ALLOYS, 
PART  III:  EFFECT  ON  Ti  (c.p.)  AND  Ti-8Mn  OF 
LABORATORY  CHEMICAL  TREATMENTS 
W.  Baun,  N.T.  McDevitt  and  J.S.  Solomon 
Internal 
AFML/MBM 

W.  Baun  (AFML/MBM) 

73it0 
73UOO2 

Approved  for  public  release;  distribution  unlimited. 

This  investigation  is  peirt  three  of  a program  which  looks 
at  the  effects  of  surface  treatments  on  surface  chemistry  and  morphology  of 
titanium  and  titanium  alloys.  This  part  discusses  the  effects  of  six  labora- 
tory surface  treatments  on  titanium,  commercially  pure  and  Ti-8Mn  alloy. 
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Approved  for  public  release;  distribution  unlimited. 
Elemental  analysis  techniques  such  as  ion  scattering 
spectrometry  and  secondary  ion  mass  spectrometry  combined  with  Scanning  Electron 
Microscopy  are  capable  of  determining  the  locus  of  failure  in  an  adhesive  joint. 
The  use  of  ISS  and  SIMS  in  combination  is  shown  for  investigating  adhesive 
bonding  phenomena.  The  operating  parameters,  as  well  as  advantages  and  disad- 
vantages of  each, are  summarized.  ISS-SIMS  data  are  shown  for  two  adherend 
surfaces  which  broke  in  a lap  shear  test  by  appeurent  cohesive  failure  in  both 
the  adhesive  and  adherend.  Data  is  also  shown  for  failure  surfaces  from  peel 
test  and  thin  adherend  double  cantilever  beam  (wedge  test)  specimens. 
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ABSTRACT:  An  analysis  procedure  is  developed  to  study  the  stress 

distribution  in  a laminated  plate  containing  an  elliptical  cavity  under  tensile 
loading  and  a uniform  temperature  change.  Also  considered  is  the  stress  field 
around  a radial  crack  emanating  from  a hole  in  a laminate.  The  analysis  fol- 
lows from  an  extension  of  a previously  developed  finite  element  approach. 
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ABSTRACT:  This  final  report  presents  the  results  of  work  performed 

under  AFML  Project  73l*0.  The  technical  objective  of  this  program  was  to 
develop  multi-directional  reinforced  plastic  composite  materials  which  exhibit 
balanced  ablation/insulation  and  improved  mechanical  performance  character- 
istics as  compared  to  state-of-the-art  carbon  fabric /phenolic  composites.  The 
newly  developed  materials  were  intended  for  use  as  the  insulative  collar  portion 
of  nosetip  configurations.  Technical  efforts  under  the  program  were  directed 
at  characterizing  two  3D  carbon  fiber  reinforced  phenolic  resin  matrix  com- 
posite materials  based  on  newly-developed  Avco  pierced  fabric  construction 
for  nosetip  skirt  collar  evaluation. 
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ABSTRACT:  This  document  summarizes  the  development  of  a minified 

ablative  material  thermal  response  analysis  procedure  by  the  Aerotherm  Division 
of  Acvirex  Corporation.  Advanced  computational  technology  developed  during  the 
past  15  years  for  predicting  material  response  under  hyperthermal  environments 
has  been  assembled  into  a cohesive  unified  analysis  procedure.  This  analysis 
capability  is  suited  for  (l)  routine  material  thermal  analyses  of  nosetips, 
heatshields  and  rocket  nozzles  and  (2)  the  more  difficult  problem  of  guiding 
advanced  material  develoiment . This  study  has  illustrated  that  the  lack  of 
high  quality  thermophysical  data  and  the  inability  to  model  three-dimensional 
phenomena  restricts  predictions  to  be  qualitative  rather  than  quantitative. 
Recommendations  are  made  regarding  the  extension  of  these  analysis  procedures  to 
better  provide  guidance  for  advanced  material  development. 
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The  tensile  properties  of  spun-yarn, 

HT-l^,  Durette,  Nomex  I,  Kynol,  cotton,  nylon_,and  polyester 
measured  during  exposiire  to  bilateral  radiant  heat  fltxxes  in  the  range  0.2  to 
0.9  cal/cm^/sec.  Specially  designed  test  equipment  allows  testing  at  times  as 
short  as  a few  seconds  after  initiation  of  exposure.  All  of  the  fabrics  tested 
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lost  at  least  50%  of  their  strength  in  the  first  6 seconds  of  exposure  at  flux 
levels  of  O.U  cal/cm^/sec  and  at  least  75%  of  their  strength  after  6 seconds  at 
0.7  cal/cm^/sec  and  above.  Of  these  fabrics  tested,  HT-1+  provides  the  greatest 
degree  of  protection,  and  polyester  provides  the  least  protection  against  a 
high  heat  flux.  Studies  were  also  made  of  launderability  HT-U  fabric, 
abrasion  of  Kevlar  webbing,  weaving  of  BBB  fabric,  and  other  analyses  requested 


by  AFML. 
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ABSTRACT:  Epoxy  resin/c\iring  agent /catalyst  combinations  were  in- 

vestigated in  efforts  to  obtain  state-of-the-axt  performance  (350°F)  from 
graphite  fiber  reinforced  composites  coupled  with  prolonged  prepreg  out-times 
(^75  days)  under  ambient  shop  conditions.  Resins  evaluated  included  multi- 
functional commercieuLly  available  glycidyl  ethers  and  glycidyl  amines.  Curing 
agent  studies  were  limited  to  potentially  latent,  high  functionality  systems 
Sind  included  hydrazides,  amino-hydrazides  and  aromatic  diamines  with  attenuated 
reactivity. 
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ABSTRACT:  The  fine  features  of  the  Auger  valence  band  spectra  of 

TiO  and  Ti02  have  been  related  to  transitions  arising  from  oxygen  2s  and  tita- 
nium 3d,  its  molecular  orbitals.  The  auger  bands  investigated  include  the  Ljjj, 
^III%^U  5»  LiiiM2,3Ni,  and  LiiiMi^^5  transitions.  The  N (E)  valence  band 
spectra  has  been  unfolded,  and  the  resulting  ccmponents  correlated  with  X-ray 
emission  data  and  a molecular  orbital.  (MO)  model.  Differences  in  spectral 
shapes  are  shown  to  be  linked  with  differences  in  the  density  of  state  of 
oxygen-titanium  molecular  orbitals. 
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ABSTRACT:  Two  methods  utilizing  x-ray  spectra  from  the  electron 

microbeam  probe  for  the  determination  of  aliminum  oxide  film  thickness  for  a 
broad  range  of  thicknesses  are  described.  One  method  uses  the  direct  measure- 
ment of  oxygen  K emission  while  the  other  uses  the  changes  in  fine  features 
of  the  x-ray  spectra  with  changes  in  oxide  film  thickness.  For  oxide  formed 
by  beurrier  anodization  technique,  films  as  thin  as  20-30A  and  as  thick  as 
several  thousand  angstroms  could  be  measured  by  these  methods. 
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A series  of  acetylene  terminated  phenylquinoxaline 
oligomers  have  been  prepared  which  cure  by  addition  without  the  evolution  of 
volatiles.  The  synthesis  utilized  the  novel  terminal  acetylene  end-capping 
reagent,  3-(3,^-diaminophenoxy)phenyl  acetylene.  The  end-capped  oligomers  were 
soluble  (20-30/?)  in  low  boiling  organic  solvents  and  exhibited  a high  degree 


of  flow  at  their  softening  temperatures.  Thermal  analytical  data  obtained  on 
the  oligomers  indicated  initial  softening  in  the  vicinity  of  l60°C  and  a strong 
polymerization  exotherm  maximizing  at  27^°C.  Cured  samples  (8  hrs  at  280°C) 
exhibited  Tg's  of  approximately  320°C.  Mass  spectrometry-thermogravimetric 
analysis  of  the  polymers  demonstrated  that  no  volatiles  were  emitted  during  cure, 
and  that  decomposition  of  the  resins  initiated  at  h65°C. 
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Composite  oxide  films  on  bare  202lt-T3  aluminum  were 


produced  by  surface  chemical  treatments  followed  by  anodic  oxidation  in  a 
barrier  forming  electrolyte.  The  chemical  characteristics  of  the  composite 
film  are  dependent  on  the  pretreatment  solution.  This  type  of  information  can 
be  import£int  in  determining  the  overall  corrosion  resistance  and  durability  of 
adhesively  bonded  structures. 
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This  report  examines  the  capabilities  and  limitation  of 
the  technique  of  inelastic  electron  tunneling  as  a molecular  spectroscopic  tool 
for  surface  studies.  Following  a brief  review  of  the  literature,  an  outline  of 
the  theory  is  given  and  the  experimental  technique  discussed.  The  tunneling 
spectra  of  both  clean  and  doped  Al-Al  oxide-Pb  junctions  are  considered  in 
detail.  A comparison  with  existing  surface  analysis  techniques  concludes  the 
report . 
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This  report  describes  the  initial  results  of  an  inves- 
has  as  its  objectives  the  determination  of  the  natxire  of  dam- 


age in  two  graphite-epoxy  (GEp)  laminates  under  various  combinations  of  loading 


as  completely  and  precisely  as  possible,  and  the  investigation  of  the  corre- 
sponding mechanical  property  changes.  The  results  include  several  new  find- 
ings, the  development  of  unique  investigative  methods  and  substantial  deviations 
from  the  predictions  of  common  models. 
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An  experimental  program  was  conducted  to  examine  the 
in  interlaminar  strength  criteria.  Results  indicate  that 
for  the  boron-epoxy  material  treated,  the  interlaminar  normal  strength  was 
approximately  11  ksi,  but  poor  material  quality  clouded  these  results  as  well 
as  the  remaining  issues  in  the  proposed  effort. 
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The  room  temperatiare  mechanical  ply  properties  of  Fiberite 


hy-E  103l*C  graphite/epoxy composite  material  were  characterized  using  unidirec- 
tional thin  wall  tubes  and  flat  coupons.  Four  ply  laminated  tubes  having  (O/90) 
and  (+1*5 )s  stacking  sequences  were  fabricated  in  preparation  for  biaxial  ex- 
periments to  determine  first  ply  failure  (FPF)  thresholds.  Initial  results 
using  acoustic  anission  techniques  to  detect  FPF  on  (0/90)s  tubes  are  reported. 
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A higher  order  beam  finite  element  is  developed  for  dy- 
namic response  of  beams  subjected  to  impact  of  elastic  shears.  Hertzian  law 
is  used  to  evaluate  the  contact  force.  A step  by  step  finite  difference  method 
is  employed  to  integrate  the  time  variable.  The  finite  elements  are  first 
evaluated  for  homogeneous  isotropic  beams,  and  excellent  results  are  found.  Im- 
pact of  glass-epoxy  laminates  are  then  considered.  The  total  energy  imparted 
from  the  projectile  to  the  laminate  is  computed  and  compared  with  experimental 
data.  Good  agreement  is  found.  The  present  finite  element  procedure  also 
allows  one  to  separate  the  vibrational  energy  from  the  energy  which  is  to  be 
related  to  the  residual  strength  of  the  composite  after  impact. 
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ABSTRACT:  One  of  the  modes  of  failure  of  laminated  plates  is  de- 

lamination vhich  initiates  at  a free  edge.  Experimental  results  and  theo- 
retical stress  analyses  found  in  the  literature  point  to  the  interlaminar 
normal  stress  Oj  as  a governing  factor  for  this  mode  of  failure.  In  this 
report,  the  stress  behavior  around  a circular  hole  in  a laminated  plate  is 
investigated  using  a three-dimensional  finite  element  stress  analysis.  At- 
tention is  focused  on  the  interlaminar  normal  stress  distribution  around  the 
edge  of  the  circular  hole. 
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ABSTRACT:  Ten  aromatic  and  aromatic-heterocyclic  polymers  were  I 

subjected  to-  aging  in  air  at  temperattures  of  3l6°C  (600°F)  and  371°C  (700°F) 
for  up  to  600' hours,  and  the  volatile  decomposition  products  were  determined  j 

by  gas  chromatography.  The  predominant  volatiles  by  far  were  carbon  dioxide 
and  carbon  monoxide  being  91  to  99.6%  of  the  total  volatiles.  Small  amounts  i 

of  water,  methane  and  traces  of  other  aliphatic  hydrocarbons  were  found.  Ni- 
trogen containing  polymers  produced  small  amounts  of  nitrogen  oxides,  cyanogen  ' 

and  hydrogen  cyanide,  all  of  which  tend  to  form  and  reach  a msiximum  later  i 

than  the  other  volatiles.  The  volatiles  reach  their  peak  concentration  only  , 

after  a certain  aging  time,  roughly  related  to  the  themal  stability  of  the  J 

polymers  and  ranging  between  h and  500  hours  at  371°-  j 
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ABSTRACT:  The  problem  of  the  elastic  response  of  a rosette  cylin- 

der, i.e.,  a cylindrical  body  formed  by  reinforced  composite  layers  wrapped 
along  spiral  trajectories,  is  formulated  and  solved  through  the  application 
of  the  theory  of  heterogeneous  elasticity.  It  is  shown  that  21  elastic  co- 
efficients enter  the  elastic  constitutive  equations.  Certain  geometric  1 
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preliminaries  and  tensor  transformation  laws  establish  the  relation  between 
these  coefficients  and  orthotropic  modiili  of  the  basic  sheet  material.  It  is 
also  demonstrated  that  problems  involving  Eixisymmetric  boundary  conditions  can 
be  formulated  in  terms  of  one  space  variable  and  this  class  of  boundary  value 
problem  is  solved  through  a numerical  procedure.  Included  in  the  response  is 
the  influence  of  environmental  dilation.  An  example  problem  indicates  the 
potential  of  rosette  construction  to  drastically  reduce  stress  concentration 
factors  and  illustrates  significant  errors  resulting  from  improper  modeling 
of  the  material  structure. 
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ABSTRACT:  A number  of  poly (chromium  phosphinates ) were  screened 

as  thickeners  for  three  base  fluids MCO66-I8,  a perf luoropolyether ; MC066-21, 

a high  phenyl  content  polysiloxane  and  MC070-75,  a fluorinated  polysiloxane. 
Three  thickening  techniques  were  employed  depending  on  solubility  and  gelling 
efficiency  of  the  poly (chromium  phosphinates).  Each  poly(chromixmi  phos- 
phinate)  was  selected  on  the  basis  of  its  thermal  stability,  compatibility  with 
the  fluids  aind  lubricating  properties. 
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ABSTRACT:  Expressions  are  presented  for  the  moisture  distribution 

and  the  moisture  content  as  a function  of  time  of  one  dimensional  homogeneous 
and  composite  materials  exposed  either  on  one  side  or  both  sides  to  humid  air 
or  to  water.  The  results  apply  during  both  moisture  absorption  and  desorption 
when  the  moisture  content  and  the  temperature  of  the  environment  are  constant. 
Test  procedures  are  described  for  determining  experimentally  the  values  of 
the  moisture  content  smd  the  diffusivity  of  composite  materials.  A series  of 
tests  using  unidirectional  and  /!+  Graphite  T-300  Fiberite  I03I+  composites  were 
performed.  The  test  data  support  the  analytical  results  and  provide  the 
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moisture  absorption  and  desorption  characteristics  of  such  composites.  At- 
tempts were  made  to  correlate  the  moisture  content  of  the  material  with 
a)  changes  in  electric  resistance  and  b)  changes  in  the  hardness  of  the 
material. 
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ABSTRACT:  Synthesis  of  perfluoroalkylether  monomers  with  a variation 

of  oxygen  to  CF2  or  CF(CF2)  ratio  has  been  accomplished.  The  difunctional 
monomers  have  been  prepared  via  a sequence  of  reactions  using  organomagnesium 
intermediates  and  zinc  coupling  reactions  of  perfluoroalkylether  alpha-iodo- 
omega-esters.  Bis  acids,  esters,  amides,  nitriles_, and  imidate  esters  with 
molecular  weights  in  the  500-1700  range  have  been  polymerized  in  a subsequent 
work  (Ref  4)  to  thermooxidatively  stable  bibenzoxazole  polymers  with  low  glass 
transition  properties  (to  -58°C,  -78°P). 
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ABSTRACT:  An  ethylene  terpolymer  aircraft  glazing  interlayer, 

designated  ETA-XXX032,  was  developed  that  has  reasonable  strength  to  350° 
while  retaining  excellent  high  elongation  down  to  -65°F.  The  high  temperature 
performance  was  achieved  while  retaining  thermoplastic  sheet  formability  at 
250°F  required  for  polycarbonate.  The  improved  mechanical  performance  to  350°F 
introduced  no  changes  in  the  basic  (550°F)  thermal  stability  or  transparency  of 
the  ethylene  terpolymer. 
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ABSTRACT:  This  report  is  the  first  step  in  the  development  of 

physiochemical  methods  for  the  quality  assurance  of  epoxy  adhesives  and  prepregs. 
To  establish  such  procedures,  the  chemical  composition  of  the  formulations 
must  be  known.  Since  this  data  was  not  available,  three  adhesive  formulations 
and  three  advanced  composite  prepregs  were  chemcially  characterized.  The 
techniques  used  included:  infrared  spectroscopy,  differential  scanning  calo- 
rimetry, liquid  chromatography,  thin  layer  chromatography,  atomic  absorption 
emission  spectroscopy,  organic  functional  group  analysis  and  elemental  analysis. 
The  components  of  each  system  were  identified  and  determined  quantitatively. 
Formulations  were  reconstructed  and  subjected  to  mechajiical,  physical, and 
chanical  tests.  A number  of  the  analytical  procediires  are  described  in  detail, 
and  their  value  as  quality  assurance  procedures  are  discussed. 
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ABSTRACT:  The  basic  objective  of  this  program  was  to  develop  heat 

and  abrasion-resistant  coatings  for  use  on  new  high  temperature  plastics 
being  considered  for  aircraft  windshields  and  canopies.  The  approach  taken  was 
to  develop  multilayer  coatings  in  which  each  component  displayed  the  de- 
sired properties  necessary  to  meet  one  or  more  of  the  program  requirements,  and 
such  that  the  coating  system  as  a whole  wovild  satisfy  all  the  program  require- 
ments. The  results  of  the  testing  suggest  two  coating  systems  which  utilize  the 
best  of  the  material  combinations  in  the  four  evaluated  systems. 
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DIST.  STATEMENT:  U.S.  Govt.  Agencies  Only 

ABSTRACT:  The  ohjective  of  this  program  was  to  develop  conductive 

and  protective  coatings  for  polycarbonate  and  acrylic.  The  approach  taken  was 
to  develop  multilayer  coatings  in  which  each  component  displayed  the  desired 
properties  necessary  to  meet  one  or  more  of  the  program  requirements,  and  such 
that  the  coating  system  as  a whole  would  satisfy  all  the  program  requirements. 
Two  new  techniques  were  developed  for  depositing  conducting  Sn02  films.  The 
new  techniques  are  fast,  easily  controlled,  processes  which  are  more  favorable 
to  scale-up  than  is  the  rf-sputtering  technique.  An  investigation  of  organic 
polymer  coatings  produced  a method  of  coating  acrylic  with  a commercially 
available  urethane  material  which  displays  good  adhesion  and  solvent  resistant 
properties.  Eleven  antistatic  coating  systems  were  prepared  and  subjected  to 
physical  testing.  The  results  siiggest  an  antistatic  coating  system  which 
utilizes  the  best  materials  of  the  eleven  systems. 
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Approved  for  public  release;  distribution  unlimited. 
Research  was  begun  on  the  effects  of  crosslinking  on  the 
of  high-Tg  polymers,  with  particular  emphasis  on  the  role 
variations  in  the  distribution  of  crosslink  segment 
of  network  imperfections.  Two  systems  were  selected: 
of  the  Bamford  synthesis  to  provide  model,  well  defined 


networks  and  the  other  based  on  the  use  of  bisphenol-A-type  epoxy/methylene 
dianiline  resins  synthesized  to  provide  controlled  variations  in  network 
properties.  To  date,  the  feasibility  of  varying  network  characteristics  in  a 
model  system  by  introducing  hydrolyzable  or  permanent  crosslinks  has  been 
demonstrated  using  copolymers  of  styrene  or  ethyl  acrylate  with  acrylic  acid 
anhydride.  The  creep  and  stress  relaxation  behavior  was  found  to  reflect  the 


characteristics  of  the  networks. 
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ABSTRACT:  This  report  presents  a summary  of  the  work  performed  hy  the 

University  of  Dayton  Research  Institute  under  Contract  No.  F33615-73-C-5099  during 
1 March  19T3  to  29  February  1976.  This  report  covers  work  conducted  in  the  ex- 
ploratory development  and  evaluation  of  characterization  of  solid  surfaces  and 
surface  interaction  phenomena.  All  work  was  accomplished  under  the  direction  of 
the  Nonmetallic  Materials  Division,  Air  Force  Materials  Laboratory,  Wright -Patter- 
son  AFB,  Ohio. 
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ABSTRACT:  A study  has  been  made  of  the  starting  and  running  torque 

characteristics  of  grease  lubricated  miniature  bearings.  The  study  was  based  on 
fluorinated  polysiloxane  , flourinated  polyether,  and  polyol  ester  base  fluids. 
The  fluids  were  thickened  by  fluorinated  ethylenepropylene  (FEP),  polytetra- 
fluoroethylene  (PTFE),  and  a triazine  material.  Consideration  was  given  to  fluid 
viscosity,  fluid  pour  point,  thickener  concentration,  grease  consistency,  and  the 
amount  of  the  grease  used  to  lubricate  the  bearings.  The  study  shows  the  effect 
of  these  parameters  on  starting  and  running  torque. 
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ABSTRACT:  Perfluoroalkylene  oxide  alpha-omega  diacyl  fluorides  were 

prepared  by  addition  of  tetrafluoromethylene  oxide  (TFEO)  to  hexafluoroglutaryl 
fluoride  (HFGF).  Addition  of  two  equivalents  of  hexafluoropropylene  oxide  (HFPO) 
gave  the  corresponding  HFPO  terminated  TFEO  oligomers  which  were  converted  to  alpha- 
omega  dinitriles.  A perfluoroether  alpha-omega  diiodide  was  prepared  by  addition 
of  tetrafluoroethylene  and  iodine  monochloride  to  HFGF.  Symmetrical  perfluoroal- 
kylene oxide  alpha-omega  diesters  were  obtained  by  zinc  coupling  of  the  correspond- 
ing omega  iodoperfluoroalkylene  oxide  methyl  esters. 
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ABSTRACT:  Samples  of  the  MIL-C-83286  white  polyurethane  exterior 

aircraft  coating  which  had  been  weathered,  using  various  accelerated  techniques, 
and  then  subjected  to  thermal  flash  simulation,  showed  moderate  to  severe 
yellowing  when  exposed  to  fluences  at  which  unweathered  specimens  would  have 
been  unharmed.  The  white  silicone  coating  system,  however,  showed  little  de- 
gradation during  weathering,  thus  performing  well  during  thermal  flash  testing. 
The  camouflage  silicone  systems,  while  maintaining  their  high-temperature 
reisitance,  suffered  from  pigment  bleaching  with  some  evidence  of  reduction  in 
primer-topcoat  adhesion.  Pigment  oxidation, due  to  weathering  in  the  aliominized 
polyurethane,  severely  affected  the  coating's  thermal  flash  capability.  The 
alijminized  system  showed  a 2.2%  decrease  in  average  visible  reflectance  and  a 
UU/S  decrease  in  infrared  reflectance  (1-6  urn). 
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ABSTRACT:  This  report  documents  the  results  of  an  in-house  pro- 

gram to  determine  what  type  of  interactions  occur  between  graphite  reinforcing 
fiber  and  the  polymeric  matrix  in  advanced  composites  and  how  these  interactions 
effect  interfacial  mechanical  properties  and  durability.  Surface  treatments 
applied  to  Type  A fiber  of  PAN-based  material  increase  the  surface  energetics 
as  measured  by  krypton  adsorption  on  30^  of  the  surface.  In  addition,  the 
affinity  of  the  treated  surface  is  increased  for  adsorption  of  typical  ambient 
gases  over  the  untreated  surface  by  a factor  of  eight.  Finally,  the  surface  of 
this  fiber  contains  a significant  amount  of  sodium  which  affects  the  fiber  sur- 
face properties. 
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VIOLET FLUORESCENT  SCREENS:  PART  II,  SUMMARY  OF  PART  I, 
TECHNIQUE  AND  SENSITIVITY  FOR  F-2  SCREEN,  APPLICATIONS 
J.A.  Holloway 
F33615-TO-C-133T  (in  part) 

University  of  Dayton-  Lab  assistance 
J.A.  Holloway  (AFML/MXA) 

7351 
735109 

Approved  for  public  release;  distribution  unlimited. 

A radiographic  paper  system  with  and  without  screens  has 
been  evaluated  over  an  X-ray  energy  range  from  25  KVCP  to  l60  KVCP.  The  system 
offers  the  potential  for  obtaining  radiographic  images  equivalent  to  Class  II 
X-ray  film  at  a cost  saving  of  as  much  as  two-thirds  over  film  costs.  Detail 
sensitivity  using  pentrameters  for  selected  thicknesses  of  alminum  together 
with  sensitometric  properties  such  as:  gradient,  exposure  latitude^and  speed 
are  reported.  Field  trials  were  conducted  at  Kelly  AFB,  Texas,  on  the  C-5A 
and  F-106  and  at  MacDill  AFB,  Florida,  on  the  F-i+E  where  the  radiographic 
paper  system  successfully  detected  foreign  objects;  verifying  its  applica- 
bility. 
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THE  CARBON-CARBON  ASSESSMENT  PROGRAM,  SUPPLEMENT  U: 
APPENDIX  D - LAMINAR  FLOW  TESTING  AND  RESULTS 
E.  Heinonen 
Internal 
AFML/MXS 

E.  Heinonen  (AFML/MXS) 

7381 
738102 

U.S.  Govt.  Agencies  Only 

Seven  carbon-carbon  composite  materials  and  one  graphite 
were  comparatively  assessed  for  ablation  performance.  Recession  rates,  pre- 
and-post-test  photographs  and  post-test  roughness  levels  were  taken.  ATJ-S 
graphite,  GE  7D  and  Philco-Ford  3D  materials  exhibited  the  lowest  recession 
rates  while  Avco  Mod  3 and  Mod  3e  exhibited  the  highest.  This  correlated  well 
to  both  the  post-test  photographs  and  roughest  materials  having  the  highest 
recession  rates. 
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AFML-TR-7U-23U , Part  II  AD  A021  122 

20U,138  October  1975 

BIRD  STRIKE  CAPABILITIES  OF  TRANSPARENT  AIRCRAFT  WIND- 
SHIELD MATERIALS,  PART  ’I:  SUPPLEMENTAL  EVALUATION  OF 
PARAMETERS  AFFECTING  MA  RIALS  RESPONSE 

A.O.  Ingelse,  G.E.  Wint  mute,  M.H.  Gaynes,and  E.L.  Waters 
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CONTRACT  NO:  F336l5-72-C-l896 

CONTRACTOR:  Goodyear  Aerospace  Corporation 

PROJECT  MONITOR:  S.A.  Marlolo  (AFML/MXE) 

PROJECT  NO:  7381 

TASK  NO:  738106 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  This  report  covers  the  expanded  scope  program  conducted 

to  obtain  additional  data  to  validate  and/or  supplement  the  data  reported  in 
AFML-TR-7**-23U.  The  test  program  utilized  polycarbonate  materials  exclusively 
as  the  structural  member,  except  in  test  series  5,  alternate  configuration, 
where  three  windshields  of  stretched  acrylic  were  tested.  Polycarbonate  in 
thicknesses  from  0.25  inch  to  1.00  inch  in  as-extruded,  press-polished  and 
fusion-bonded  conditions  were  tested  as  well  as  three  different  interlayer 
materials  to  specifically  meet  the  required  parameters  of  the  seven  test  series. 
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TITLE:  PROCEEDINGS  OF  THE  197i*  TRISERVICE  CORROSION  OF  MILITARY 

EQUIPMENT  CONFERENCE,  29-31  OCTOBER  197^*,  VOLUME  I: 
SESSIONS  I THROUGH  III 
AUTHOR(S):  F.H.  Meyer,  Jr. 

CONTRACT  NO : Internal 

CONTRACTOR:  AFML/MXA 

PROJECT  MONITOR:  F.H.  Meyer  (AFML/MXA ) 

PROJECT  NO:  7381 

TASK  NO:  738107 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  This  report  is  a compilation  of  papers  presented  at  the 

197^  Triservice  Corrosion  of  Militeiry  Equipnent  Conference  held  in  Dayton, 
Ohio,  29-31  October  197^. 
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EQUIPMENT  CONFERENCE,  29-31  OCTOBER  197 *+,  VOLUME  II: 
SESSION  rv  THROUGH  VII 
AUTHOR (S):  F.H.  Meyer 

CONTRACT  NO : Internal 
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PROJECT  NO : 7381 

TASK  NO:  738107 

DIST.  STATEMENT:  Approved  for  public  release;  distribution  unlimited. 

ABSTRACT:  This  report  is  a compilation  of  papers  presented  at  the 

197k  Triservice  Corrosion  of  Military  Equipment  Conference  held  in  Dayton,  Ohio, 
29-31  October  197^.  The  purpose  of  the  197*+  Conference  was  to  continue  inter- 
service  coordination  in  the  areas  of  corrosion  research  and  corrosion  prevention 
and  control.  Specifically,  the  objectives  were  to  make  Department  of  Defense 
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personnel,  contractors  and  interested  individuals  aware  of  the  important 
corrosion  problems  in  military  equipment,  to  present  the  status  of  significant 
corrosion  research  projects  ciirrently  pursued  by  the  military  services  and  to 
provide  a general  forum  for  exchange  of  corrosion  prevention  and  control  in- 
formation. 
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IMAGE  PROCESSING  OF  INDUSTRIAL  RADIOGRAPHS 
J.A.  Holloway,  W.L.  Shelton  and  J.  Mitchell 
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7351 
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Approved  for  public  release;  distribution  unlimited. 

The  report  docments  the  data  accumulated  as  a result 
of  a survey  of  various  approaches  to  radiographic  image  processing  conducted  by 
the  Air  Force  Materials  Lab.  A detailed  discussion  of  each  method  is  presented 
together  with  the  results  of  an  evaluation  of  several  typical  systems  using  a 
set  of  control  radiographs.  Systems  evaluated  included  electronic  or  elec- 
tromechanical, using  both  analog  and  digital  techniques  as  well  as  photo- 
graphic approaches  to  image  processing. 
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MATERIAL  PERFORMANCE  ASSESSMENT  FOR  MANEUVERING  REENTRY 
VEHICLES,  VOLUME  I:  ANALYSIS  OF  NOSETIP  SHAPE  CHANGE 
DATA  AT  ANGLE  OF  ATTACK 
M.D.  Jackson  and  D.  Rafinejad 
F33615-73-C-5132 
Acurex,  Aerotherm  Division 
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7381 
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U.S.  Govt.  Agencies  Only 

Critical  aspects  of  ablative  material  performance  relative 
to  maneuvering  reentry  vehicle  applications  have  been  examined.  Nosetip  abla- 
tion at  sustained  euigle-of-attack  was  studied  experimentally  and  analytically. 
ATJ-S  graphite  and  Mod  III  A carbon/carbon  nosetip  models  were  ablation  tested 
at  angles-of-attack  ranging  from  0°  to  30°  and  at  three  pressure  levels  in  the 
AFFDL  50MW  arc.  These  analyses  showed  that  angle-of-attack  does  not  signi- 
ficantly affect  nosetip  shape-change  when  referenced  to  the  flow  direction, 
and  that  accurate  modeling  of  boundary  layer  transition  and  "sharpening"  are 
the  most  important  requirements  for  predicting  nosetip  shape-change  at  both 
zero  and  nonzero  angles-of-attack.  The  primary  objective  was  to  design  an 
optimum  procedure  for  testing  materials  for  this  application  using  existing 
ground  test  facilities. 
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TITLE:  MATERIAL  PERFORMANCE  ASSESSMENT  FOR  MANEUVERING  REENTRY 

VEHICLES,  VOLUME  II:  LOW  TEMPERATURE  ABLATOR  NOSETIP 
SHAPE-CHANGE  EXPERIMENTS  AT  ANGLE-OF-ATTACK 
AUTHOR(S):  E.V.  Nelson  and  M.D.  Jackson 
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ABSTRACT:  Critical  aspects  of  ablative  material  performance  relative 

to  maneuvering  reentry  vehicle  applications  have  been  examined.  Nosetip  abla- 
tion at  sustained  angle-of-attack  was  studied  experimentally  and  analytically. 
ATJ-S  graphite  and  Mod-3a  carbon/carbon  nosetip  models  were  ablation  tested  at 
angles-of-attack  ranging  from  0^  to  30*^  and  at  three  pressure  levels  in  the  AFFDL 
50  MW  arc.  These  analyses  showed  that  angle-of-attack  does  not  significantly 
affect  nosetip  shape-change  referenced  to  the  flow  direction,  and  that  accurate 
modeling  of  boundary  layer  transition  and  "sharpening"  are  the  most  important 
requirements  for  predicting  nosetip  shape-change  at  both  zero  and  nonzero 
angles-of-attack.  The  primary  objective  was  to  design  an  optimiam  procedure  for 
testing  materials  for  this  application  using  existing  ground  test  facilities. 
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TITLE:  MATERIAL  PERFORMANCE  ASSESSMENT  FOR  MANEUVERING  REENTRY 

VEHICLES,  VOLUME  III:  GRAPHITE  AND  CARBON/CARBON  NOSETIP 
SHAPE-CHANGE  EXPERIMENTS  AT  ANGLE-OF-ATTACK 
AUTHOR(S):  R.E.  Maurer  and  C.A.  Powars 
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ABSTRACT:  Critical  aspects  of  ablative  material  performance  relative 

to  maneuvering  reentry  vehicle  applications  have  been  examined.  Nosetip  abla- 
tion at  sustained  angle-of-attack  was  studied  experimentally  and  analytically. 
ATJ-S  graphite  and  Mod-3a  carbon/carbon  nosetip  models  were  ablation  tested  at 
angles-of-attack  ranging  from  0°  to  30°  and  at  three  pressure  levels  in  the 
AFFDL  50  MW  arc.  These  analyses  showed  that  angle-of-attack  does  not  signi- 
ficantly affect  nosetip  shape-change  when  referenced  to  the  flow  direction,  and 
that  accurate  modeling  of  boundary  layer  transition  and  sharpening  are  the 
most  important  requirements  for  predicting  nosetip  shape-change  at  both  zero 
and  nonzero  angles-of-attack.  The  primary  objective  was  to  design  an  optimum 
procedure  foi-  testing  materials  for  this  application  using  existing  ground  test 
facilities. 
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IMPROVED  ULTRASONIC  STANDARD  REFERENCE  BLOCKS 
D.G.  Eitzen,  G.F.  Sushlnsky,  D.J.  Chwirut,  C.J.  Bechtoldt, 
and  A.W.  Ruff 
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7381 
738107 

Approved  for  public  release;  distribution  unlimited. 

A program  to  improve  the  quality,  reproducibility  and 
reliability  of  non-destructive  testing  throiigh  the  development  of  improved 
ASTM-type  ultrasonic  reference  steuidards  is  described.  Reference  blocks  of 
aluminum,  steely  and  titanium  alloys  are  to  be  considered.  Equipment  repre- 
senting the  state-of-the-art  in  laboratory  and  field  ultrasonic  equipment  was 
obtained  and  evaluated.  RF  and  spectral  data  on  ten  sets  of  ultrasonic  refer- 
ence blocks  have  been  taken  as  petrt  of  a task  to  quantify  the  variability  in 
response  from  nominally  identical  blocks.  Techniques  for  residual  stress, 
preferred  orientation_,and  micro  structural  measurements  were  refined  and  are 
applied  to  a reference  block  rejected  by  the  manufacturer  during  fabrication 
in  order  to  evaluate  the  effect  of  metallurgical  condition  on  block  response. 
New  fabrication  techniques  for  reference  blocks  are  discussed,  and  ASTM  acti- 
vities are  stimmarized. 
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ACOUSTIC  EMISSION  STRUCTURE-BORNE  NOISE  MEASUREMENTS  ON 
AIRCRAFT  DURING  FLIGHT 
W.H.  Lewis,  C.D.  Bailey  and  W.M.  Pless 
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7381 
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Approved  for  public  release;  distribution  unlimited. 

This  Joint  program  between  the  Lockheed-Georgia  Co.  and 
the  AFML  was  concerned  with  measuring  the  structure-borne  noise  background  in 
a leirge  aircraft  to  determine  the  feasibility  from  a signal -to-noise  stand- 
point of  using  acoustic  emission  techniques  to  monitor  structure  during  flight. 
Measurements  were  made  in  the  frequency  range  from  0.1  MHz  to  2.0MHz  using 
off-the-shelf  acoustic  emission  transducers  and  40-db  preamplifiers  in  con- 
junction with  a Lockheed-designed  spectrum  analyzer  and  a pulse  code  modulation 
data  system.  The  results  showed  that  structure-borne  noise  can  vary  con- 
siderably over  the  aircraft  structure,  and  that  a suitable  acoustic  emission 
signal- to-noise  ratio  can  be  achieved  at  most  locations  within  the  frequency 
range  0.5  MHz  to  0.75  MHz,  although  the  noisiest  areas  may  require  operation 
up  to  1.0  MHz. 
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ABSTRACT:  An  empirical  investigation  has  been  conducted  to  screen 

wide  variety  of  plastic  and  adhesive  candidate  materials  for  use  in  20mm 
rotating  band  systems.  The  net  results  of  this  investigation  was  the  identifi- 
cation of  four  material  combinations  which  demonstrated  substantial  promise  of 
serving  as  alternate  materials  to  the  nylon  12-253P  rotating  band  system.  Three 
of  these  four  employ  a domestically  produced  nylon  6 material  (Zytel  21l)  with 
three  different  adhesives,  PlOU,  P-3,  253P.  The  fourth  is  a French  produced 
nylon  11  material  (BMNO)  with  the  253P  adhesive.  Gunfire  results  are  presented 
and  discussed,  and  recommendations  for  following  up  the  work  conducted  in 
this  program  and  optimizing  the  performance  of  the  most  promising  materials 
are  made. 
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ABSTRACT:  Progressive  melt  line  free-f light  calorimeter  models 

were  used  to  study  entropy  gradient  effects  on  turbulent  flow  heat  transfer 
to  blunt  bodies.  The  entropy  layer  swallowing  increased  the  heat  transfer  rates 
by  more  than  a factor  of  two  for  some  conditions.  These  heat  transfer  rates 
were  compared  with  analytical  predictions  obtained  using  two  techniques:  an 
"exact"  numerical  solution  of  the  boundary  layer  equations  (the  BLIMP  code) 
and  an  approximate  solution  using  the  boundeu'y  layer  mcmentum  integral  equation 
approach  (the  SAANT  code).  In  general,  the  momentum  integral  technique  over- 
predicted, and  the  "exact"  numerical  solution  underpredicted  the  rate  of  heat 
transfer  increased  due  to  entropy  layer  swallowing. 
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ABSTRACT:  An  experimental  program  was  carried  out  to  determine  the 

tensile,  \iniaxial  flexural  and  biaxial  flexural  strength,  the  thermostructural 
response,  the  thermal  expansion  and  thermal  conductivity  of  Thoriated  Tungsten. 
The  variation  of  the  flexural,  uniaxial  and  biaxial  strength  and  proportional 
limit  with  temperature,  and  the  thermostructixral  response  were  utilized  to 
establish  the  brittle-to-ductile  transition  temperature.  The  brittle-to-ductile 
transition  temperature  ranges  from  lt00°F  to  600°F  depending  on  the  stress-state. 
The  behavior  of  the  thermal  expansion  and  conductivity  of  Thoriated  Tungsten 
with  temperature  closely  resembles  the  behavior  of  pure  Tungsten. 
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TITLE:  TEMPERATURE  EFFECT  ON  THE  MECHANICAL  PROPERTIES  OF 
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ABSTRACT:  The  test  material,  aliaminum  alloy/temper  2121;-T851,  was 

a 2.5  inch  thick  plate.  The  tensile  strength,  fracture  toughness^ and  cyclic 
crack  growth  rate  of  the  material  was  unaffected  over  the  temperature  range  of 
72OF  (22°C)  to  200OF  (93°C).  A 300°F  environment  is  the  maximum  limit  for  an 
extended  time  service  temperature,  higher  temperatures  causing  too  severe  of 
loss  in  load  carrying  capability.  The  fracture  toughness  varied  very  little 
over  the  temperature  range  of  -100°F  to  1+00°F.  A test  temperature  of  it00°F 
accelerates  the  crack  growth  rate,  and  the  0°F  and  -100°F  test  temperatures 
reduced  the  cyclic  loading  crack  growth  rate. 
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ABSTRACT:  The  ultixnate  strength  and  yield  strength  of  the  material 

(alloy  7^+75-T7651)  are  similar  to  those  of  alloy  7*t75-T651.  There  was  little 
difference  in  the  tensile  strength  capability  between  the  two  specimen  orien- 
tations that  underwent  test.  The  test  alloy  is  tougher  than  all  other  7000- 
series  alloys  currently  in  service.  The  long-transverse  and  short-transverse 
fracture  toughness  are  lower  than  the  longitudinal  oriented  toughness  test 
results.  The  constant  amplitude  cyclic  crack  growth  rate  is  similar  to  crack 
growth  data  on  the  same  alloy  in  the  T7351  and  t651  tempers.  A salt  water  test 
solution  accelerated  the  crack  growth  rate  by  a factor  of  approximately  three. 
There  is  some  data  scatter  associated  with  the  fatigue  test  results,  a problem 
that  seems  to  be  inherent  in  the  test  alloy.  No  distinction  can  be  made  be- 
tween longitudinal  and  transverse  fatigue  properties. 
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The  first  section  of  this  report  involves  studies  of  the 
crack  resistance  of  B-1  materials  and  the  evaluation  of  a landing  gear  side 
brace  which  were  conducted  in  direct  support  of  Air  Force  Systems.  Other  more 
general  studies  were  conducted  on  7^75  and  X20U0  aluminiam  alloys,  Ti-6-U 
and  Ti-6-6-2  annealed  forgings,  beta  processed  titanium  and  D6ac  steel.  The 
second  section  of  the  report  describes  in  detail  a comprehensive  test  program 
to  evaluate  elastomeric  ground  water  seals  for  missle  silos.  High  temperature 
sealants  for  use  in  F-111  and  C-130  aircraft  fuel  tanks  were  also  evaluated. 
Another  program  discussed  involves  the  evaluation  of  0-ring  packings  in  a 
dynamic  test  made.  Two  structural  adhesives  were  evaluated  to  determine  their 
performance  in  a high  temperature  high  humidity  environment.  The  final  pro- 
gram discussed  involves  the  evaluation  of  thermoplastics  for  use  as  rotating 
bands  on  20mm  projectiles. 
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ABSTRACT:  This  report  presents  the  results  of  a program  to  charac- 

terize the  ablation  and  erosion  response  of  three  carbon-carbon  materials  for 
reentry  vehicle  nosetip  applications.  The  response  of  the  materials  to  ablation 
and  particle  impact  environments  is  summarized  and  correlated  with  pertinent 
material  microstructural  parameters.  The  role  of  processing  technique  during 
the  manufactiire  of  carbon-carbon  composites  is  also  discussed.  Based  on  the 
composite  of  the  data  obtained,  various  analyses  of  reentry  flight  perfor- 
mances are  presented. 
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ABSTRACT:  This  report  covers  a program  conducted  to  assess  the 

environmental  resistance  characterisitcs  of  selected  coated  polycarbonate  and 
acrylic/inter layer/polycarbonate  composite  aircraft  windshield  materials  when 
exposed  to  aggressive  laboratory  accelerated  and  outdoor  environmental  testing. 
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ABSTRACT:  Instrumented  ATJ-S  graphite  shell  nosetip  models  were 

tested  in  the  AFFDL  50  MW  RENT  facility.  These  models  had  a 3/1*  inch  nose  ra- 
dius, 1 inch  overhang,  10°  cone  half  angle  and  a skirt  thickness  of  0.15  inch. 
The  inside  surface  of  the  models  was  Instrumented  with  seven  thermocouples  and 
three  clip-on  extensometers.  The  outside  surface  temperature  of  the  models 
was  monitored  in  two  locations  by  optical  pyrometers.  Finally,  the  tests  were 
recorded  by  three  high  speed  motion  picture  cameras.  Pressure  and  calorimeter 
models  were  also  tested  in  order  to  help  define  the  flowfield  condition  and 
heating  distribution  around  the  models.  A pretest  thermo structural  analysis 
was  conducted  in  order  to  design  and  locate  the  instrumentation  for  the  test 
models.  The  results  of  the  50  MW  thermo structural  test  program  were  highly 
significant  in  that  this  was  the  first  instance  in  which  actual  temperature  and 
strain  data  has  been  obtained  for  a nose  tip  in  a simulated  reentry  environment. 
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The  thermochemical  sublimation  response  of  ATJ-S  graphite 
in  both  low  and  high  mass  transfer  convective  environments  was  studied  both 
experimentally  and  analytically.  Ablation  tests  were  run  under  both  subsonic 
and  supersonic  flow  conditions  at  both  pressures.  High  quality  recession  rate 
and  surface  temperature  from  the  ablation  tests  were  correlated  with  various 
thermochemical  ablation  predictions.  The  conclusion  is  made  that  the  JANAF 
equilibriiom  sublimation  model  is  most  appropriate  for  graphite  thermochemical 
ablation  predictions  under  high  pressiire  reentry  conditions. 
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non-metallic  antenna-support  materials  pultruded  rods 
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Both  E-glass  and  Kevlar  k9  (aramid)  fibers  were  used  to 
reinforce  an  isophthalic  polyester  resin.  These  materials  were  used,  in  turn, 
to  form  pultruded  antenna  rod  hardware  for  structural  tests.  The  aramid 
material  exhibited  substantially  improved  strength-retention  properites  over 
the  glass-reinforced  material  under  prolonged  exposure  to  heat  and  humidity. 

The  aramid  material  offers  the  promise  of  superior  weatherability  in  antenna- 
support  applications  although  further  testing  is  warranted.  The  stress- 
rupture  properties  of  pultruded  rod,  under  high  humidity,  possess  unusual  tem- 
perature and  time  dependencies.  These  are  explained  in  terms  of  the  mechanisms 
whereby  moisture  is  transported  from  the  environment  to  the  fiber/matrix  inter- 
face. The  stress-rupture  properties,  as  well  as  the  tensile  properties,  may  be 
improved  by  appropriately  modifying  the  pultrusion  process. 
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ABSTRACT:  This  report  details  the  development  of  an  extrusion 

process  and  refers  to  a pallet  for  background.  Utilizing  a 3 1/2"  extruder, 
structural  shapes  2 1/k"  thick  by  101"  wide  by  9'  in  length  were  extruded.  The 
material  used  was  Amoco  600k  polypropylene  with  30^  by  weight  fiberglass  from 
a blend  with  Fiberfill  G-63/TO.  The  structural  shape  was  developed  for  use  as 
a HCU-6/E  (1+63L)  Air  Cargo  Pallet.  The  extrusions  were  equipped  with  side 
rails  to  complete  construction  of  A/C  pallets  and  are  undergoing  evaluation 
tests  as  A/C  cargo  pallets.  A significant  advancement  in  the  state-of-the-art 
of  large  scale  polymer  extrusions  was  accomplished  in  this  program.  Develop- 
ment effort  to  date  has  effectively  shown  that  large  scale  extrusions  of 
thermoplastics  can  be  achieved.  While  feasibility  has  been  proved,  economic 
utilization  of  this  technology  will  require  further  improvements  to  speed  the 
extrusion  process. 
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ABSTRACT:  This  report  presents  fatigue  design  data  on  joints  using 

fatigue- improvement  fasteners.  The  major  emphasis  is  placed  upon  low-load 
transfer  specimens  made  of  7075-T73  and  T7351  aluminimi,  assembled  with  PH13- 
3Mo  and  Ti-6Al-UV  fasteners  using  TaperLok,  HiTigue,  and  split-sleeve  raan- 
drelized  hole-fastening  systems.  The  study  revealed  that  the  fatigue  proper- 
ties of  fastener  joints  with  mandrelized  holes  were  similar  to  those  of 
fastener  joints  with  the  TaperLok  and  HiTigue  fastener  systems.  A method  of 
condensed  data  presentation  in  MIL-HDBK  is  proposed  along  with  data  require- 
ments for  future  programs. 
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The  purpose  of  this  report  is  to  make  available  the 
technical  papers  presented  at  the  Eleventh  Conference  on  "Aerospace  Transparent 
Materials  and  Enclosiires . " Thirty-nine  technical  papers  are  presented  in  the 
seven  sessions  that  address  transparency  design  and  performance,  characteriza- 
tion, materials  and  processes,  and  bird  impact  resistance.  The  papers  con- 
tained herein  have  been  reproduced  directly  from  the  original  manuscripts. 
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This  report  describes  the  results  of  a limited  effort  to 
extend  the  capabilities  of  the  interferometric  strain  gage  (ISG)  to  high  tem- 
peratures at  high  heating  rates  on  graphite  and  tungsten.  The  specified  tem- 
perature limit  was  2500°F,  which  was  to  be  reached  in  a time  of  approximately 
two  seconds.  ISG  is  based  on  the  motion  of  laser-generated  interference  pat- 
terns from  the  specimen  surface.  If  suitable  reflecting  surfaces  can  be  made 
that  will  withstand  the  high  temperature  environment,  then  the  technique  has 
great  potential.  Tungsten  oxidizes  very  rapidly,  and  the  technique  can  be  UFed 
for  heating  tests  only  up  to  about  800°F  in  air.  The  temperature  limit  can  be 
extended  by  using  a less  oxidizing  atmosphere.  Reflecting  indentations  can- 
not be  formed  directly  in  graphite,  so  another  material  must  be  attached  to 
the  specimen  surface  and  the  indentations  applied  to  it. 
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This  report  covers  the  third  phase  of  a five-phase  program 
to  develop  a standardized  handbook  for  the  repair  of  bonded  aircraft  structure. 
Tasks  include  the  standardization  of  small  repairs  that  are  now  covered  by 
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the  various  aircraft  technical  orders  as  well  as  general  instructions  for  large 
repair  work  including  component  rebuilding.  Work  completed  in  Phase  III  included 
the  fabrication  and  test  of  small  area  repair  specimens.  Repair  methods  were 
demonstrated  on  seven  military'-  aircraft  components.  This  work  will  serve  as 
a base  for  procedures  to  be  designated  in  the  handbook. 
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ABSTRACT:  The  theoretical  background  of  the  automatic  nosetip  finite 

element  model  generator,  POESSY,  is  described.  The  POESSY  computer  program 
consists  of  four  basic  subprograms  which  perform  different  distinct  steps  in 
the  automatic  generation  and  translation  of  nose  tip  models.  They  are:  PGMESH, 
which  automatically  generates  the  structural  finite  element  mesh,  PGPRES,  which 
translates  the  surface  pressures  and  temperatures,  PGTEMP,  which  translates  the 
in-depth  2-dimensional  temperature  field  and  PGPLOT,  which  plots  the  resultant 
finite  element  mesh  and  temperature  contours.  The  use  of  the  POESSY  computer 
program  is  demonstrated  by  sample  problems  solved  for  a typical  plug  and  shell 
nose  tip. 
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ABSTRACT:  An  investigation  of  the  breakup  criteria  for  water 

droplets  traversing  reentry  vehicle  bow  shocks  was  conducted.  Hemispherical, 
ATJS  graphite  tipped,  20mm  projectiles  were  launched  at  reentry  velocities 
(2.5  km/s  to  4.5  km/s)  into  a single  stream  of  well  separated,  cloud  sized  water 
droplets  (20  wm  to  100  )am  diameter).  The  projectile  nosetip  was  observed  abo  it 
1 us  after  impact  with  the  droplets.  If  the  droplets  survived  transit  through 
the  shock  layer,  impact  debris  plumes  were  observed.  If  the  droplets  broke  up 
in  the  shock  layer,  impact  debris  was  not  observed.  The  bow  shock  layer  aero- 
dynamic conditions  were  systematically  varied  to  investigate  the  transition 
(breakup  criteria)  over  a range  of  Weber  numbers  (We)  from  about  20,000  to 
160,000.  The  results  showed  good  agreement  with  previous  indirect  measurements 
of  breakup. 
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These  research  efforts  have  involved  studies  in  chemical 
ionization  mass  spectrometry  which  have  led  to  improved  instrumentation,  tech- 
niques,, and  methodology  for  trace  analysis.  Much  of  the  work  has  emphasized 
instrumental  developments.  These  have  included  the  development  of  high  pres- 
sure ion  sources  for  chemical  ionization  studies  with  a high  resolution  mass 
spectrometer,  the  development  of  super  pressure  (20  torr)  ion  sources  for 
exploring  maximum  sensitivity  of  chemical  ionization  mass  spectrometry,  and 
most  recently,  the  development  of  combined  gas  chromatography-electron  impact- 
chemical  ionization  mass  spectrometry  using  a dual  source,  dual -beam  mass 
spectrometer.  This  report  describes  some  applications  of  the  latter  instrment 
plus  the  computer  software  developed  for  accumulation  of  data  and  data  reductions. 
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ABSTRACT:  This  Technical  Objective  Document  was  prepared  by  the  Air 

Force  Materials  Laboratory  and  describes  the  Materials  Technology  Areas  for 
meeting  future  Air  Force  Operational  needs.  The  six  Technology  Areas  encompass 
the  full  spectrum  of  materials  capabilities  required  for  future  aircraft,  mis- 
sile, space  and  electronic  systems  - Thermal  Protection  Materials,  Aerospace 
Structural  Materials,  Aerospace  Propulsion  Materials,  Fluid,  Lubricant  and 
Elastomeric  Materials,  Protective  Coatings  and  Materials  and  Electromagnetic 
Windows  and  Electronics.  Presented  for  each  TA  is  the  general  objective, 
specific  goals,  technical  approaches  and  a Laboratory  TA  focal  point  who  can 
facilitate  face-to-face  discussions  with  Laboratory  engineers  and  scientists. 
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; •’^EAoUKEMENl  CP  LASCK  dE  AM_f'AWAML  TE^S  i i“!AIL 

f^tSErir.St  rn  HjOn-ErixEk  lA3Fk  A|.  I A T i On- v DL  . I 

' HEAm  ExPiDhAlOKY  DEV.  ijF  L a3E  f^-HAPDF  nF  D MAIL3  ^ <?0<45b5/030 

‘’LAbUkME'vTo  UF  I.A.SLP  6eAi1  PAHAjiLIEHS  & '^AlLS 
, PrSpftNSt  in  rilGu-HflkFk  LASEP  rtAOl  aUOn-vOL.  II 

I reaping  I.ijD^^IlAnI  VAPiAiilES  I f.F  l HE  MC  I MG  "'I'IaTuPL  HEaPJNi.,  aOaabS/npl 

: .........  .„LO.'^nUx, 

I reaping  InVlSI  Ii.  A I I,.im  of  laGE  amO  hlapInG  I.DSlArilLllY  In  OgS 

DEGPH'*  anIE'jNA  r^FAPlNbS  DUE  Ij  LHANl.FS  IN 
LUPPRAIIOM  PPl.'PFpIlEl)  P»KI  II  _ . 
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DESPUN  antenna  bearings  due  to  changes  in 

lOHkICAIIUN  PMOPEkIIFS  PAPT  II 

BEND 

NOTLHTD  BENU  BEHA(/IOR  OE  BERYLLIUM  OVER  A HIDE 

pn^i?i7/noQ 

RANGE  OF  strain  RATES 

BERYLLIUM 

notched  bend  behavior  OE  BERYLLIUM  OVER  A WIDE 

Range  OE  strain  rates 

Z0a217/009 

BERYLLIUM 

EFF_tCJ  Uf_LNCLUSlUN£  .UN.  J_H£  MECHANICAL  BEUAy.m.R 

2fliE5M/Q16  . 

OF  BERYLl lUM 

BERYLLIUM 

EaBRICATIlIN  and  evaluation  of  hut  isostat  ICALLY 
PRFSSFO  Rf  RYLl  lUM 

zoa298/oaa 

BERYLLIUM _ 

EaBRILAIIQN,  JA-AJL)aAL.-C.HARACJ^fiIZAl  ION  AND.  . . 

MaChIMnG  process  evaluation  of  S-65  l-.RAOE 
..  .HuTrPKE.SSEJ?  BERYLLIUM 

_ao<i609/aa9. 

BtJj CONSOLIDA  I ION  Of-  OETA  HI  TITANIUH  ALLOY ^Q43^^^/0lq 

SpHtRlCAl  METaL  puwoeks 


beta 

COMPARISON  OF  processing  properties  and  product 

PROPERTIES  UF  BETA  Hi  IIIAnIUM  ALLaT_PUw.O£R...  . . 

209S39/021 

metal  (PMJ  AND  INGOI  metal  (IM) 

BIAXIAL 

strength  BEmAvIuW  of  GRaPhI  IF/FPOxY  CIJMPUSHE 
LaMINaTLS  Under  biaxial  LUAIL..  . 

209599/084 

BJLLEi 

EILLEL)  bILLlT  oxide  DiSPEHSiaN..SJRElvGIHENEO  . _ 
hollow  aIRFuIl  tXIRoSlONS 

^09636/QOS 

BIPOLAR 

maNoFaC  IllK  ING  methods  FoR  MyS-FET  BIPOLAR 
InTERgRa.IlD  circuits 

209150/037 

BIRO 

HIRO  STRIaF  r aPa.HIL J IiF,s  oF.IKAn.S.ParEnI  .AJRC-RAFI.. 
windshield  materials  part  11 

.209li8/09i 

blades 

Ordnance  impacts  on  JEI  EnGInl  fan  hi ades 

209527/016 

blocks 

Improved  ultrasdnic  Standard  reffrfncl  blocks 

2096B3/097 

HOI.  IFO 

heliahilify  Prediction  edx  cohpdsitl 

JdInIs-hondfd  a.jt;  hlitfi.  . ..... 

209338/062 

BONO 

mEIhOdS  OcVLLUPmEVT  FuK  nUN-!)ESIHOCT  IvE 
measUKFmFnT  DF  hOnD  SFWtNOlH  In  ADHLSIVEl.Y 

HuNoEL  STRUCTURES  _ . 

209225/008 
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POND 

^ANUFaC  (UHING  •^clnUuS  FOR  RoSISIAuLO  . 

xJf)2a.Sb/0i*b 

•SPOl /iti.  0-fti)ME3I  vfc  Rond  joining  of  lIUMUn 

HUNO 

.SLAt4NINt,  tlfcCTRON  MirhOjiCUPV,  TON  SCAITFPING  and 
SLCUNUAkY  lUN  RASS  SPtClRUMtTKY  Tu  CHAfiACItKlZt 
AHPARtM  "AUHtPIVt"  FaTlOKF  AoHtSlVt  mONO 

^04l5b5/0/9 

ttONOF.O 

•^FThflOS  OFvFL'iP.mFwT  FUR  NUN-DtSl  RUC  1 I VF 
_ . .;'<l-_A:ilJHFilFNl  OF  ftONO  .SlRtNUfH  IN  ADHF.Sl  VFI  V 

HO'IOFU  NT-yULTuRLS 

PtJNDFi) 

ao^'F.SIVL  OOnOlO  acrliSF-AuF  SIRur.  rURF.S 

S I A!»0aRU  1 ZLU  kEHAIR  HANUbUOK 

honoing  ... 

- I.iHkOVFu  SUKFACh  IRFATMhNfS  OF  TllANtilM  AllilYS 

poal  <<}/nN7 

F'uR  AijHF.SlYE  i.iCnOINU 

WUNU ING 

fnjNuiNU  OF  LLEVATLD  TF MHF RA 1 URF  SIRAIn  uAUFS  TO 
HUMID  AOEU  ORA.ohIIE  ILNialOE  SP£tI«£NS  .JjiRUUGH 

^044.^1  0/0  72 

The  OSF;  of  ANAF.RUhIC  AOhtSIvES 

HCIWON 

F.  XPI  ORAirVY  DEVELORkFnI  and  FVAL'JATION  OF  LUy- 
CUSI  dOkCIn  aluminum  CuM.f'OSirtS  ..  .. 

20 J1 50/009 

HO«UN  ExPLURAIOKY  DtV  ON  h ORM A T I ON  OF  HIOM  STKLNOIH,  ^0a220/059 

rllNii  MOOUL'/S  eURON  NIIRlOt  CONTINUOUS  FILAMLNT 




POTm 

MASK  RtStAnCM  UN  IHE  CuHraELAIIuN  OF 

SuPtRLONDijr r ing  pkoperufg  ^iih  surface 

RROPEKTIES  in  bUTh  IHIN  FILM  ti  bUOK 

suplrconouC  ting 

20<4521/0i3 

HR  A / 1 nr. 

diffusion  HkA/InG  of  aI  uMINUM  alloys 

20444485/012 

HHFAKUR-iMPAr.  1 

I'ATER  IVOP  iIRLAaOP-IKPALI  OAMAGL  IHR£SH0L0S 

20a610/lob 

HRII  TlF 

FkACTORL  of  HRIITlF  matfrials  A1  high 
.rt.MPFkA  IOkF  s 

20aS97/02S 

RRI  1 TLE-IU-L)LILT 

Thermal.  nECUAMICaL,  ANU  bRlITLt-.lQ-OUClILE  — 
HEHAVlOk  OF  iHORlAlti)  TuNGSIFN 

- 20<4abR/09B 

HNOADGOOIIb 

Low  COS1  rAimIJF  ACTuRING  uSINg  aDVAnCEO  COMHUSIIF 
.JiRUADGOODS.. 

203160/0442 
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bulk 

BASIC  HESLAkCH-  UL  . I.h£  CoRRElAJIUN  OF  . - 

2oas<;i/oii 

Sl.PFRC  OnDUC  I l.a,  PkOPEkIIES  « IT  H SURFACE 
PROPEKlIfS  IN  BUltl  IHJN  Flirt  X,  BOl  K 

SuPF  RCOnOuC I InG 

Bulk 

f:cEC  IROp.Au'itT  JC  GtNtRAlil).N  ilF  F CF.C  I nOn  I C ALI  Y 
SIEERLC  OlTRASOnIl  BULK  .. 

t»n4  i9n/ma 

bulil ..  , 

Dti/tLijP«FM  OF  A NAS  IHRBINF  FNNInF  Oil  H.ll  K (ill 

A niKF:s  OF  -mU  Tu  RGS  F part  II 

CAFP 

Ir.vcs  I IGM  Ion  OF  lRySIAl  uPILhTATIOn  JMFLUFnCF 

Or.  IHin  F IL/I  coatings  F^P  CaF^  LASEr  rtlNJU-s 

^09 SoS/0  in 

Cage  . 

_LoyLS  ]:rGAlIUO-.OE  L A-toE-AMl-  BEA i<  l.NG.._L uSLLAaXGl-LjC-II.- 
OESPOO  a'jIF.nna  bearings  OuF  10  Changes  in 

LuBkiiiA  I ION  Properties  part  ii 

CALCIUM 

A:nT  iWLFLECTlON  COATINGS  EUR  CALCIUM  FLUUKIDE 
Laser  winuOiys  for  s.5  migpons 

i!Q9bi>5/QiS 

CaPAHIL  1 I IFS 

BlRo  strike  capabilities  ijF  IrANSPArF.nT  AIPCRaFI 
nIHUShIELu  MAlEKlALS  PART  li 

«?oa  1 i8/0V? 

C A«B 

ExPLOhAfORY  DEV  & INVLS 1 IGAI lUN.  OF  CAKB-CARB 
COMPOST  IF  MILS  HAVING  iMPwnvFI;  hypEPSonK 
PARTICLE  FRUSION  kFSIST  CrtlP  CARB  HyPFKSOnIC 

4>OR1BO/069 

PROG  vOL  1 I 

CARB 

F xPl.OkA  1 OkY  dev  X INVES  1 IGA  1 luN  OF  CARB-CARB 

CU'^KOJjI  111  MlUij  1^PK0VEL'  HYPE'^SUi^IC 

paPTICLK  rWiiSin,  KfSlSl  CmU-  CAhH  Hr^tPSUNli, 
- J?JiDb  


CARBON  high  srKtI'.UIH  carbon  ABLATlvt  HATLRiACS  PART  II  «J0«SiS/0b0 

Carbon  high  blRENGIH  CAKLUN  HtblN  LOHHUSIILS  I OR  <i0a5i2/0B0 

Rt-IHIRY  vpMlCLt-  NOSPIIH  BKINIS 


CAHBOnIYF1>  i)tVH.nPHMNl  Ol-  BF  L F -LuHh  f C A I I NO  COHROsUtS  20ai<44/070 

CARilO(«il/t:u  HHLNuLlC  HaIkIa 

CAWBOM/Eo  UEVlCuPHEnI  OF  BtLF-LoBR  ICA I I NG  CuHPOSlItS  ^OUbiS/O/l 

OUlWInG  CARijOMZFl)  PHY.N’jLlt  matrix  PARI  II 

CaRBOn-CARKdO  TmF  C AWRiii-LAkfUiN  AbStSb^l^'I  PROGRAn  SUPPLFhFnT  ^0^ia9/n(^^ 
U,  aPPEnLIX  O-LAPINAR  FuOn  lESUNG  AND  RESULIS 
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carbon/lakbun  jiABaFA£juiiiciG-PiiaL£Sat.&  -Fuk  -ALi\umcxu - -4!oei'ii/au2  ^ 

CAMbON/CAWHCjN  FAHkICAIION 


CAMBOn/CAHHuN  MAftWlAL  PFwFORMANCfc  AoSESSmFNT  F0»  HA^hUMfRING  <?0<4 1 7?/ 0 V/> 

RttNThY  VLKlCLtS  i»HAPHli£-AtiD_tAH±40u/CAJ<bUt< - 

NOSkTlP  SMAHE-CHA^Gfc  tXPFPiMFMS  Al  ' 

ANGLE-OF-AlIAClt - :i 

i 

r.AHHnK/t.AHH»N 1 AtlLAUU;-fc.Nfc /PiJL  iPHEftiYLRhiE  FlAlKlAJ-nK  [ACirinAOtn ^ 

CAMttON/LAhHCJN  C(JMPOSnEij  i 


CARrtON/t  AhJHUN 

LO*<  CuSI  uWIHOGuNAL  PEInFiiRLED  L ARBUN/C  ARHON 
CuMPOSJlES  FGH  MISSLE  HEATSHIELDS  - 

«J0r507/0/5 

CAHMUaYLAIEu 

^ MHt-.si?;  and  ir  at  ifiN  tiF  r Awruix Yi  A tFo 

PQuagG/OYd 

PULYPdpNYLEiNES  Abo  PHENYLATED  POLYIMIDES 

CaRH-C AkM 

EaP'ORAIORY  OEV  K TbVES  MoA  I ion  of  CAkB-CARB 
ClIMpUSIIE  mils  liAilNG  lI^.PKDVEU  HYPEHSONIC 

^Or1»0/ObB 

PaHIIELE  FROSIOim  resist  Chip  CAWB  HrPfeWSUMC 

PROG  vOl  1 

CARB-CAKB 

EAPi.Ol<AIOKy  DEV  & INVESIIGA  r lUN  QK  CAkB-CAHU 

bOuiaO/ObR  

COMPnSTIF  MILS  hAvInC;  ThPROvEO  hypersonic 
PARIICLE  LROSIQn  resist  £uJP  CARB  HYPlRSOnIC 

PROG  VOL  11 

CARB-C  AHB6.nuAP1 

MoLTlPl.t  IMPToGEMfcNI  RAIN  ERI'SION  BEHAVIOR  OF 
REEtilxY  VEHICLE  CaHB-CArB4UUAH  I//SIL1CA 

^0«t  a?/0bb 

COMPOSITE  MiLSKi'iONOL  IIHIC  ceramic  RAOOMfc  MILS 

CASI ING 

OLVLLUPmEnT  of  IIIAwIljM  ALLOY  CASTING  TECHNOLOGY 

20iibe?/ogi 

CATENARIES 

NON-mlTaLlIC  an  TF  nna-SUPPoR  T MATFRIaLS  PIJLTrODED 

^ORbBb/lOP 

rijMMii.ijILA  1 KINS  SIkUCTuRLS 

CAVITY 

ThREE-njMFNSIONAL  SIRtSS  ANALYSIS  OE  a LAHInAIEij 
Pi  A IE  riiNlAlNlN.;  AN  EILIPfLlAl  lAwIIY 

ifORSOb/OHO 

CERAMIC 

MUL/irCL  iMPlNGLMENl  RAIN  EROSION  BtPAVlUR -uF 
RFFnTkY  vFHlCLt  CaPB-i-ARBnQOARTi;/SIL  ICA 

COMPOSllE  Mli.dij'JXIiiULlI-OlC  EEKAMiC  RADOML  MILS 

^Oiiiaa/ObS 

CERAMICS  

CERAMICS 

high  I L »;P»  RiTilRF  1 PEER  l.F  CEkAMirs 

;<o<ispp/npp 

INPACI  RLSISTANCL  OF  SIrUlIOKAL  CERAMICS  PAkI  2i 
InS  I WoMtN  I El)  UROP-AtIoH|  IESTS 

^04487/019  
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CHAKACTtRlZATin  RLStAKCH  AND  tjf  VF  L0RME.NT  UN  CHARAC  FtRIZAT  ION  UF  <;0M«66/0^6 


charactlhizatio 

lUSlC  RtSEAliCH-UtiL  LASER -iLim£  XFlAkA£-I£H42A-liaN — 

^mahuj  032-  _ - 

rHARATTERI 7ATln 

Ia.SI^R  MINOn*.  MAfFRlAl-S  1 H AR  aC  1 F R I 7 A 1 1 ON 

PO/lAPl  /ft 

CHAKACTLRIZATIO 

ADAPliVL -NQWLlNLAK  SIGNAL- PKULESSlfilG  FOR 

CHARACTERIZAT ION  OF  ULTRASONIC  NDE  wAvEFORMS 

_2045ai/.017 

CHARACTERIZATIO 

farricaiiun,  material  Characterization  and 

MaCHTnInO  PkOrF.SS  FwAlllATinN  OF  S-MN  ORAOF 

204S04/049 

HOT-PRESStO  HERYLLIUM 

char«cterizatio 

research  on  characterization  UF  SULIP  SURFACES 
AjmD  Surface  iNitHACiioisL^jiFNniiEJYA  . . . . 

204S2<)/090 

CHARACTERIZATIO  ChAhACTEJ?  1 ZA^T  1 UN  IIF  ThTn  ANODIZliri  FlIM.S  ON 

poumm/oHP 

aluminum  kITH  SuFi  a-RAy  SPECTROSCOPY 

CHARACTERIZATIO 

SURFACE  characterization  UF  TITANIUM  ALLOYS  PART 

204354/0  78 

C HARArURI  7AT  in  SURFACE  Cri  AR  ACTF.  R I Z AJ  1 On  HF  TITANIUM  AND 


titanium  alloys  Part  n 

CHARACTERIZAT  10  SijRFACF  Ch  AR  AC  T t.  R I / AT  1 ON  JF  TITANIUM  AND  ^0460H/0/9 

..1 1TAMUM.,ALL01S  RARl  111 

CHARALTERIZATIQ  StJRF  ALL  CriARACTRR  I /AT  ION  iif-  HQNlVr.OhB  CORt PQaSQ2/077 

MATLRIALS 

CHARACTERIZATiO  CHAk  AC  Tt  R i Z A T I ON  uF  TkAivSRARENT  MATERIALS  FOR  204555/()7h 

._._£KnSIUN.  RtSISrArtCL 


CrtA«ACLt8J.Zl:. 


Sl.ANNlNN  ELtriRON  M 1 f.  k U:^r.  liP  Y . lUM  SC  A T T I- R I Nf.  ANJ)  PQ(l\h3/Q/9 
SeCuNdARY  lUN  MASS  SRLCIRUMLTKY  TU  CHARACTERIZE 
Ai^PARtNT_"ADhLSlVt"  FAILURE  ADhtSlVt  UDfiD  
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chemistry 


....  _ C M L M 1 s T K Y .0  F._.  iJA  L 1 Df  -.k  1 M 0 W . G R U k IH 


204323/031 


CHIP 

E/PLOIxAIUHY  UE  V X- InVLSJ  XjiAJJUN  Of  CArtH-LARQ  -- 

COHPOSTIF  HTLS  mAvInG  iMPkDvEO  HYPERSONIC 

PuPlIllf  WFSTST  PhTP  ( AkH  H/PFR^lwlf 

^ioaiJJO/osR 

PROG  VOI  II 

Chip 

EXPLORAIORY  OtV  K I N VES 1 J G A T I UN  HE  CAKH-CARH 
Cg'MPO;>IIE  MILS  -HAvJnG  I wppnyF  Q HYPERSONIC 

^0^^lB0/0hli 

pahiicll  erosion  resist  chip  cakb  hypersonic 

Proi,  utiG  1 

CHLURIDfc 

optical  PhDPEUIIES  of  EuHilPIUM-OOPEO  PDIASSIUM  _ 
CHLURIOE  laser  -^TnDOW  haTERIAlS 

20«5a0/0sa 

ChPOMIDM 

EiECTrOn  impact  If/M^ATiON  CROSS  SECTIONS  OF 
(till  11-  rMRnMiii.1  anh  iriin 

t;006Sl/051 

CIRCUITS 

MANuEaCIUHING  HtirtUU-S  EuR  MOS^EtI-4lJPOI^« 

TnTERGPaTLD  CJRCUJTS 

-2-041  so/ 0i7 

CIRCUITS 

manufacturing  TE.ChNOlGGY  FOR  R A 0 I A T I ON-H  ARTjENED 
MSI /I  ST  riRf.lllIS 

<f04SPo/oa  r 

cluster 

A SIAIISTICAL  APf’ROACh.JrJ  PREUICTING  IHE  

TSOIOPIC  CCUSIFR  uE  COMPCEX  SPECIES  HY  MASS 

spectrometry  . . . _ . - . _ 

20a6i3/0S2  

CUATEU  . 

ENVIRfiNMF'NTAI  RESlSIANrE  OF  CdATEH  AND  lAMlNAIFn 

PflZtXAQ/tflt 

POCYCaPhOnA IE 

CUATInG 

F'CECl  K IC  ALL  T COnOUCIIVE  CuaIInG  MATERIALS 

doal 57/OSS 

cuA  r ing 

weathering  effects  on  aircraft  coating  systems 

^0«603/ii9P 

CUAT  TnGS 

AnTTREElLCTIOn  coatings  EUR  CaLCTuM  ELl'ORIOE 
Laser  winoows  for  s.i  microns 

20a6P5/055 

coatings 

CUNIROLLEO  COMPOSI  TION  react  lUN  SIMIERI^yG  . 

Process  Eur  prodoction  he  mcraiy  coatinuS 

204b09/0<»2  _ 

coatings 

TmVF.ST  IGAT  ION  OF  CRYSTAL  uRIFnTATION  INFLUENCE 

Ofi  THIN  FILM  COATINGS  FoH  CAE^  LASER  «Ii*D01*S 

20450S/050 

coatings 

COA  I ltiG5 

DAMF’IhG  IH  POWCFLAIn  FNAMFI  CUAIINGS  - 

.204S2S/UUS 

EXPIOHAIORY  DEVELOPMENT  OF  HEAT  AnO  AHRASION 

Pfl<iAQA/nM9 

resistant  Coatings  for  transparent  plastics 

CUA I TnGS 

Exploratory  dlvei opmfni  of  antistatic  coatings 
EUR  ust  ON  aircraft  TRAnSPArEnCIFS  

20<l595/OtlR 

COMMDNICA  J TUNS  NUN-MtTALLit  A N I i- NN  A -SI  iPPlJW  f MAlFWlALS  PULlHUDfcU  i?0a6B6/10? 


RUDS  FOR  ANTENNA,  UUyS*  XAI£NARlES_AND_ 
CONNUajILA  I TUNS  STuULTUWtS 


complex 


A SIAIISHCaL  APPhUACH  IN  PPEDILTlNi,  IHt 


c>0<46i5/0b? 


SPf LTPOmE IRY 


complex 


PriYSItAL  CHtMiCAL  PROPEPrifS  OF  CuPPLtX 
ARQrAf  lL-MErEKOL  YCLiC  . POLYMERS  RAjiJ  y.  _ 


^0«l TA/OSl 


C 0 M Pi)  s 1 .1  E_ J-ilR  -(lUlI„IlANUEAL.LiiRJ.  M 

MkOADuOuOS 
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COMPOSIIE-. 

llEFJ:.Ci -ERUHJlHJ  iiEa_AliilftiSiaRa_  ltL£OMPliSlIt 

Materials 

-aoa508/Daa 

COMPOSITES 

EXPLORAfOKY  OtVELUPHFM  ANO  EVALUATION  OF  LOW 
- COSl  iiOKON  ALU>!IUuM  COMPOS II  £S  - - - - 

a031 30/009 

COMPOSIIES 

_ DtVELuPKENi  OF  . IJiiLALI-RtSISlAtil  -MLTAE  MATRIX 
COMPOSl IFS 

- - aoa<467/oi3 

cuMPOsiiFs  fvaluaiion  uf  HYBRID  lompusites  ^oat>£?a/ooa 


COMPOSIIFS  RESFARCrl  WITH  In-SMU  C(j*<POSirFS  Al.lGNEl)  wUH  ^0a09?/007 

eullcioid_and  euTlli ic- ifiANiiF-OHjiAriaNa  _ 


COMpnsl TES 

OYLNAMJC  RFHAVIOR  llF  IaMINATH)  PtJlYMTRir  MAlRIlt 

Poa^SF./n«;9 

COMPOSITES 

COMPOSITES 

significant  PrOFERTIES  of  FFOxY  RESINS  AS 
,_MAl«lLES  IN  GKAPHilL.COMPuSlItS - 

poa3a7/obi 

CUMPOSIIFS 

An  analytical  MFIhOu  F Oh  FVALuAIInG  IMPACT 

P0«/18h/()HS 

OAMAGF  LNLRuY  OF  LAmTnATKD  COmPUSTTLS 

COMPOSIIES 

TnTERLAMInAh  SThFnGIM  OF  LAmInaIED  POLYMEhIC 
matrix  LOMPOSiltS 

£?0R?9b/0tta 

COMPOSITES  . 

OFVILOPhFoT  OF  SE LF -L uHh T C A 1 I NG  COMPOST IFS 

P0aS33/0  / J 

OIILIZTnG  CARriONlZFu  PHLMJI 1C  MaTkIx  Part  11 

COMPOST  TES 

OFVFLuPhEnT  of  SFlF-LuHRICATTnG  COMPOSIIES 
CARbOhIZLJ  PHLNULIC  MAIhIx 

poaia5/o/o 

COMPOSiiES  - 

LOP  CuSI  uPlHOGiJMAL  R1  InFoRlEu  L ARHi  jn /r.  AROON 

poasu7/o?s 

COMPOSIIFS  FOR  MISSILE  HEATSHIELDS 

COMPOST  TES 

HlGn  STRFInGTH  CARtfOK  kEoIn  COmPOSITFS  FUP 
RL-LHIRY  VtMlLLL  NOSEI  IF  ^SKIRTS  . 

poa53F/OBO 

COMFOSI TES 

pnapp9/iinh 

CARMOn/L  ARSON  CuMpOSI  TFi, 

COMPOST  TFS 

InVFST  IGA  I luN  OF  SThFSS  LtVFLS  LAOSlNi, 
significant  DAhaGl  In  COMPOSITES  ....  .. 

poa?  7«/o*>a 

COMPOSI  I.ION 

CuOI.RuLlLU-  LUdFijS.ITj.O,\  kF  AT  1 1 liN  S 1 M FRT  Nt; 

-tiDuaan/Da2_  . . 

PpOfFsS  F i.iR  PnOulJtllON  LiF  pCRAIy  C()AT1NGS 

CuMpmsT  T I 0^1 

Awl>  lyPt 

A P0a713/09? 

GrAI'HJTl  FlhEKS 


! 

* 
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COMROSmilN 

Exploratory  dfvflupmfnt  of  chtHiCAi  quai  tty 

7 1 n /n AA 

assurance  and  CUMPOSiriUN  OF  EPOXY  FORMULATIONS 

COMPOUNDS 

STUDY  OF  INIFRMETALLIC  COMPOUNDS 

204619/025 

COMPOUNDS 

STUDY  OF  INff RMETALL IC  COMPOUNDS  TASK  A; 
oispekSion-harofnf n tiai 

204635/023 

COMPOUNDS 

COMPOUNDS  AND  PROPFRTIFS  OF  THF  SI^AI-U-N  SYSIFM 

P043^/./ni  1 

COMPOUNOS  

-S Y.N  1 HLSLS_OF-J2CRFLiJUHOALKLYi.l>i£H-  JlQNOMEKS-  AMD 

MuOEL  compounds  FOR  LOW  GLASS  TRANSITION 

PpL  YMF  RS  , . ...  . ... 

.20.4f»65/0Jifl- . 

CUMPUIEH 

RFCl  ASSlFTCATlQN  OF  MINUTFMAN  CDHPi.lTFR  OTSKS  HY 

P04PSQ/Q  

Polarization 

COMPUTER 

POFSSy,  a CUMPUIEr  program  for  the  AUrOMAIIC 
generation  uf  reentry  .vehicle:  nose  tip  .finite. 

204536/105 

ElEmFnT  MUOtlS 

conductive 

ELFlTRILALI  Y CONDUCTIVE  CuAIlNG  MATERIALS 

204137/056 

CONFEKFNCt  PROCEtDlNGS  OF  IHL  HFIH  COnFLN'ENCF  ON  INFPAHkI)  204722/035 

LASER.  WlNOQt^  ElAltklALS..- 


CU.NFtMLttCL PkOCELDlMGS  OF  THk  1 97 4 ..T R J SF  K VJCfc  COttfiPSIXllit  UE ZflitiljQyQSa 


«4  WlTr.  &J31..1U4.I. 

military  EGIUIPMEnI  CONFtRtNLE,  29-31  OCTOHFR 

1974  YUL  1 1 - - . 

conference 

CUNFEkENCL  on  At.RuSPALEL  TRAflPAREN  I _MA  I ERIALS  AND 
EnClUSURFS 

204600/103- 

conference 

proceedings  of  IHfc  1974  IRISErVICE  CORROSION  OF 
military  lQUIPMEM  LONEtRENLEi  29-31  UCIOOEk.... 

204216/094 

19/4 

CONSOLlDAI TUN 

Consol  IDA  I luN  up  heia  iii  titanium  ailoy 

SPMFRICAL  metal  PuRUFRS 

204329/014 

CONfACTS 

Analysis  uf  film  ..ihickness.  effect  in, slur-speed 

L IGmTl  Y-l  UADED  lLaS  IDnYl  RiJUYNAMIC  CiJNfACTS  PART 

II  , . 

2041/7/Ofcl  _ 

CONI  amINA  HjJiE 

J_NyL.SJJliAIlDN  lIiy LAIiLN AllL'^-Lf  1 LL UL-UJ. .. 

PQ4496/Q/4 

rufkMAL  CuNIkUL  ^’aTlRIALS 
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CONJ  INIJUUS 

tARLOHAlHRY  iitV_ON  FORNAliQN  OF  HIGH  STRENGIH,__ 
HIGH  hOUULHS  HrMIjii  ^I1RJ0^.  LOnTINIJOuS  FllAHfcNf 
iAHftS 

.i04?^0/0b9 

CONTRACTS-AIR 

AbSIRaCIS  OF  ACrii/E  CONlRAClS-AiH  FORCE 

204b86/0ol 

i^Alt^RIAtS  LAHuRaIoRY 

r.UNIRuL 

I •■'iVtS  I IGA  1 luN  OF  COinT  A«1NaY  iflN  bFFELla  UN 

InkHNAl  LUNIRlJl  f-AltRIAl.S 

^04496/0 /a 

CONIRULLED 

cuNi Rolled  co'-’Pusi  i ion  reaciiun  .sinilking  . .... 

^04609/0^^ 

RKftr.tsS  FuR  RROUULTJtj-i  iiF  ■^f.RAlY  LOaTINGS 

CijNIROLL  TnK 

HF  r Ai.  Li)R(.  ir  At  facidks  coni  rolling  sirociure  in 
high  sTh.FnGih  AiOHimiH  k/H  PHoniirr.s 

P04470/0 J 9 

CURE 

SORFALt  CuAKACltklZATION  OF.FlONL-yC0MU.CUHt-  - - 

nau^oi/oj  J 

HAltR  1 A|  S 

CORRRLAI lON 

HASIC  RtSEAKCM  tjN  TmF  CURRFLAIIUN  OF 

SljPFHl  flNOUCl  I,\G  PHOUrkTlFS  ^IIH  SlJRFALF 

^04^^1/033 

RROPFRTIFS  In  HuTH  IHIN  FILM  i,  15'JL*< 

SUPlRLONOuC  f iNG  ...  .. 

CURRELATIOfJS 

CORRELAIIONS  UEIwtEN  FOcrMEK  STKULlURE  AND  GLASS 
transition  TFMPtRAlijRF 

U04247/Q/2 

CURRF.LA  I IONS 

AN  INvFST  IGaT JON  OF  SIRUCIURF-PROhERTY 
CURHELAIIONS  IN  PuLYEIHTLtNt  TEKtP.HTMALATt  FILMS 

U04376/073 

CORROSION 

MtASUR.FMtHl  OF  STRESS  CuRKOSlON  CK.ACKS  IN 
Aluminum  allot  uch  splcimfns  using  an  ulirasomc 

PdLSE-FLHU  IFCHnIIJUF 

U04230/011  .. 

CORROSION 

USE  OF  Iht  tXHtklMENTAL  PUURBAIX  DIAGRAM  FOR 

OBAc  sif.fl  10  iNitRPRLT  IIS  r.uRHOsiuN  behavior 

IN  AUUEUUS  MEDIA  ...  . 

204ib0/0l3 

corrosion 

EFFFCI  uF  IkON  AGO  SILIl.ON  CONTENT  ON  .STRESS 

204207/012 

ruRRUSKiN  CkACMNb  IN  A T mF  RMOMECh  AN  I L ALL  T 
PROCESSED  aluminum  ALLOr  ..  

CORROSION 

Proceedings  of  iHt..i9/<(  iRisERyiCE  corrosion  of  _ 
MILIIaRt  EQOIP^'EM  conference,  ,>9-31  ociomfr 

197<l  vOL  11 

204110/094 

CORROSION  , . 

PROCEEDINGS  OF.  THL  19/9  JRlStRVlCE  CORROSION  OF 

204216/094 

military  fOUIPmEM  conference,  ^9-31  UCTOUEk 

.19  7'!  . - _ 
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COST 

LOk  Cost  manuf aciuking  uSinu  advanced  cumpcisiie 
HkOAOGOons 

20ilb0/0<il» 

Cost 

maNuF  At  1 Ok  T.vG  MfcfriOiyji  Fuk  LU**  COST  MFTAl.  MAfkJX 
COMPOSIIL  MAlLklAL  ....  ^ . . .. 

,>03090/039 

COST 

HaNuF  aC  lUKlNG  HtTriODS  AnD  ltLrt.NULOGT_F.DK  .HIGH 

Goal  1 IT,  l"a  cost  GALLKjK  AhSEMOE  laser  AkkATS 

204213/091 

cost 

ExPLOkAlOkY  OFVtlOPHtNT  AM>  FVALUAUOn  OF  LOk 

CUSI  HOkO.-i  aLOMIn'Om  compos  ties 

203130/009 

Cost 

"ANoF  aC  1 OkiNG  mlThUOS  Ft'k  LOk  COST  lOOLING  /OH  . 
aOVANLEO  COmPuSITL  shell  IVPF  STkOCrORF 

201863/002 

COST 

MaNuFaC  IOkIi',G  MtTHOuS  And  IECHNOIOGT  FOk  FLlk 

Cost  hedoltion  ...  . 

20471S/0aS 

COSI 

1 Ok  COSi  uRfHuGONAL  HEJNFOkLEl)  C AH.HON/XARdDN 
COMPOST IFS  FOk  MISSILE  HFAIShIELuS 

2045077075  . 

COSIS 

CKAtK 

CWACK 

CK  ACK 

CHACK ING 

C k A L K G 

CWFtP 

CHEtP 


F.NVlWuNhF\T  A»  FfFFCIS  Oim  .<iA  f N I L^AnCE  CDStS  FOk  <»OaSOi/015 
AlktkAFf  - - 

A CkACK  GkiJkTM  GAt,L  FOW  ASSESSING  FLA^  GHUklH  £QUbi//02b 
PuTlNIIaL  In  SlkDLTUkAL  COMPOnF NTS 


iNHlHjTjn.M  Of  CkACK  PkUkAGAlIUN  OF  rliGH  STWFNGTh 

SIELLS  iHKOuGh  SInGlE  AnD..  moL  I IF  UnC  I IUNAI 

iNHlPi  TfjFS 

The  WLTaROAITLiN  of  LRACk  PPuPAGATIOn  FOk  high 

■JUkENGUlt  Lj*t- AU.O..Y- SILLLS  IN  AGULOuS  fA^piA  QT 

AODUK'N  uF  OxlOlZlNG  iNHlHlToPS 


^0a^J8H/0t!a 


^0<^3S9/005 


EFFlCI  or  IRON  aNo  SILU.On  COnTEM  on  STHtSS 
COPkOSIOO  FkAtKINij  IN  A THEk^’UHtCHANiCALLT 
PkOCFSSFl.)  AlOHINHH  ALIOY 


et)U2H7/0\2 


MEASOKF^FNT  OF  STkFSS  COkkOSTON  CHAtKS  IN  ^09^30/011 

ALOHlNlJN  ALLOT  DCb  SPECIMENS  OSING  AN  OLTKASUnIC 
PuLSE-ElHU  ftCH.MlGitfc 

high  lEhPf.RATuP?  CRlFp  OF  CEkAMICS  2n»b22/l)22 


SOLIl'  mfcmAnICS  of  FLOk#  FkACIOkF,  CWEEP  ANO 
FAlIGiiF  _ . _ 


j^0a70fl/0l« 


CROSS 

T-LELThON  IMRALT  IUNIZaTIOn  CROSS  SECT1Q14S  UP 

2Q0bbiy0il 

GOLO,  CmRUm1U<-i  AMJ  iron 

CROSSLlNKlhib 

iNFLUENLfc  OF  CRuSSLINKTnG  On  THE  MECHANICAL 
. PROREHliES  Uf  HJGh  IG  i»UL<H.LRS 

^0a64?7/0v0 

CKTOCUOLEK 

RESEAhCM  uN  MAlEKiALS,  £SSLNI1AL  IU  CRYXiGOQLEfi-  - 

tecmnulogy 

iOabSB/OiiG 

crystal 

INVEST  IGA  1 ION  OF  LRYSIAL  uRJEnTATIOn  INFLUENCE 
. OTV  THiN-FiLd  COAn^iUS  FUR_  CaF^  LASER  rtlNDUrtS  

<»0A  iOS/0  40 

CRYSTAL 

..  . THE  CltYSlAL  GKilKlil  ANL  APP1_LCA11QJ#  Uf  .SULLDSALl 

2oa2«ayo2D 

maTlRI  alS 

CRYSTALS 

OPTICAL  DETEriluN  OF  uLIRASuUn!)  IN  PARAMAGNETIC 
CkYSTai  .S  . 

204S9b/019 

cutting 

HANUFACIUhlNG  MtiHOGS  fuR  MULLI-AA IS  LASER  . . 

CuM  ll^G 

202598/041 

cutting 

MULU-AaIS  laser  LUITIMb 

204S24/047 

CVO 

TmPkOvEG  CVl)  TFCHnIuUES  f,jR  olpositing 
Passivation  layc.rs  on  ics  - 

2041 70/040 

CtLIHUERS  _ 

FlASTir.  RhSPO'lSb  UF  ROShllF  rYlINDE'R.S 

AxISYMMtTRIC  I.OADIM, 

damage 

aerodynamic  Enhancement  nt-  lasfr  uAmagE  to 
titanium  alloys 

204350/nob 

OAHAGE 

AlJ  ANaIyIICAI  HFThQN  f f)K  F « A1  HA  I I Nl.  iMPAPr 

_2a4iuib/flas- 

Damage  ENERGY  OF  LAMINATED  COMPOSITES 

DAMAGb 

INVEST  IbA  1 I'tN  TIE  stress  ItVELS  CAUSING 
'ilGNlElLA*!  damage  in  CoMPaSlIES 

20427«/0b4 

damage  

-SaT  tH  JikUP-iiRiLAA.URrJ.^'tLAi.  I-DA-aGL  -IttRESiiULUS  ..  .iOUtoLO/  IflS 

OAMr^lNG 

DaMHInG  Iij  RUrtCLLAl:.  LNa'IlL  CUATInGS 

20U525/OUS 

IILH 

M t AS'Jm  E mE  t<  I L’E  STh.LsS  CCRnUSIuN  LkALRS  iN 
AtUMlr.iiN  aLL'.'y  i.'Cm  specimens  uSIni,  an  oL  I h ASOn  1 1. 
Pij1.:3E-E  GEN)  lEl.MNlLjUh  . 

204230/01 1 

ntCUMROSI 1 lu 

')  IsOImePm/’L  UECOrPuSlTlu,.  SIoDllS  UE  AR'JdAllL  AND 

i.tO.-A  T IC-hE  )E'»'n,Yi.i  ir  I’bl  rME^S  in  Alw 

2044b2/0ab 
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D£FtC  [~PRUP£Jil  y.  QhFEdJrPHUELR-Ur, 

materials 


ntGRAoATiON  Thermal  olgraoaiion  ot  high  temperatohe  fibers  ^o^4«l5/0S7 


DEICING  DEVELORMENT  OF  DEICING  IECHNIijUES  FQR  DIELECTRIC  20/4706/027 


»(ItlD(lfeS 


DEPOSITING 

IMPHOVFI)  i:vi)  IFl'.hMijUFS  FlJR  DEPOSTTING 

?nai 7n/nun 

PASSIVAIIUN  layers  UN  ICS 

DEPOSITION 

APPLlCAIION  OF  f'OLVCRVSTALLlNE  2NSF  PREPARED  BY 
Chemical  v apqll  oEPilsxi  iiin^  tji  high  lasfr. 

20/450/4/028 

HINDOOS 

OER 

measurement  of  high  RESISIIVIIY  SEMICONDUCTORS 
llsing  The  van  per  pao»  me  ihod . 

20/4702/027 

design 

EXPLORAfORY  DE.VELuPNENr.QE;,OESIGN._l)Ali4.  ON  JUILlJS 
USInG  FaTIGOE-IUPROvEMFnT  fasifners 

j?0/4/4/8/1u3  - — 

desorption 

moisture  absorption  and  desorption  of  composite 
materials  - - . 

204S01/087 

DESPON  , 

_1NVLSJ1GAI  ION  DE  LAGE  AND -JiiLAKIMi  _lNSI  ABILITY  IN 

20/4/4  82/065 

DtSPUN  aNFEnnA  BEARINGS  DUE  TO  CHANGES  IN 
luRRlCAIION  PROPERTIES  PART  If 

OETeC I ION 

optical  DEILCIION-Of  ULIRASOillLO  In  PARAMAGNETIC 

.20/4596/019 

Crystals 

DEV 

ExPLORAIORY  DLV.  OF  L aSER-HAROEnED  MAILS  & 
ASORFmFnTS  of  lasfr  HLAM  PARAmFIFRS  X MAILS 

20/4565/050 

RESPOnSL  10  HIGh-PO^FR  laser  RAOI at  ION-YOL,  II 

DEV 

Exploratory  dev.  of  i aSlR-haroeneo  mails  x 
ml&SUREMENT  OE  LASLK  beam  paRAMLIERS  4 MAIL  - 

20a5f>5/029 

RESPONSL  10  HIGH-Pn**fR  L^SFR  RAD  I A T I On- VOL  . I 

DEV 

FxPlOPAIPRY  dev  of  PRuCESSAOLE  laminating  resins 
RllH  IMpRuVtO  TOUGHNESS  & MUDLRAIL  IEMPERAIOKE 
CAPaHiLITY  >/0L  III  RHaSL  II  x III 

202596/056 

DEV 

EXPLORATORY  OLV  ON  FORMATION  OF  HlGtl  STRENGTH, 
HIGH  MniJl.lLOS  lUlRIlN  N IIP  IDF  t.  ON  T I NiIOhS  FIIAMLNI 

204220/059 

YahmS 

_ « . ...  

128 


r 1 


1 


OLV 

EaPLUNAIOKY  Dtv  i JliV-tSllUAJIljN  -OF- XAKBrCAKri 

ruMPObiiF  mils  mavInd  UiPpnvEi)  hypersonic 

PARIK-Lt  IRlISIDN  KfSI-SI  r.MlP  FARR  HYPhRSnivir. 

PttOG  YOU  I 

OLV 

FxPLORAinRY  OLV  >l  I NVLS  1 1 GA  1 1 UM  OF  CARH-CAKO 
CuMPOSlft  mils  -rtA.liliiG  .IrtPHD.VEi>  H-Yi’ESiSONlL _ 

8041807069 

DAWIIClt-  fcRoSlUM  kFSIST  Chip  CARh  HtPtPvSONlC 

PrOi,  vOl  II 

01  A(,9AM 

USE  OF  l.HL.E-APEKi.MEN-TAL-  PiiUHBAlA.-01AiiHAM-F0H 

ObAC  sIFFL  10  INitPPPtT  ITS  CoKROSTON  BEHAVIOR 

In  AOuFuUS  -IEuIa  _ . — 

204360/013 

lUELEClKlL.  

1)1  VFl  OPmFnI  ok  uFICINl.  irr.HNltJlJFS  fur  DIFLFf.IRIr. 

PDU  706/OP / 

« I MuOi'.S 

OlPFiJSruN 

r7ALLIoM  niFFUSlUNi  In  SILICON  DIOXIDE 

204509/026 

niFFHSIuN 

DIFFUSION  HRA/IInI;  Of  ALi<mIN0M  alloys 

204485/012 

ninxi,)F. 

NALLllJM  DIFFUSION  JN  SILICON  DIOXIDE 

2045U9/026 

oiscussinN 

Mui  I I LAYER  FASIEnFK  SYSTEMS  vOL  1 DISCUSSION  R 
Summary  - ..  _ - - . 

204685/047 

D1SS.S,  

POdPNn/liX4 

Pul  API 7A I ION 

niSHEHSlON 

FlLLFU  biLLFT  OXIDE  DISPERSION  STRENGIHENEO 
HOLLOW  AiRFOlL  LXIRuSIDnS  - . 

204646/005 

niSPFh<SinN-HAkl)  STUDY  OF  1 N TFkMF  TAL  1 11  f OMPlltlNns  TASK  A! 

prtdb  m/02X 

OISPF-RSION-HARDF.NEU  TIAL  \ 

nocuMtN 1 

AIR  FuRLF  IECmMCAL  UbJtCIlvE  OUCUMENI  FY  1P7/ 

204529/107 

OKOP 

water  DhOR  ttREAKUP-lMpACI  DAMAGE  THRESHOLDS 

204610/105 

nwop-wEiGur 

ImPaCI  RFSTSTanCF  of  SIPOCTURAL  CF-RAMICS  PART  ?: 
INSIRUMENILU  ORuP-WLlGHl  ItSlS  - . - 

204487/019 

DYNAMIC 

DYNAMIC  BBHAV.IOK  _UF  -i.AMlNAJ-LD-£OLYm;.HIC— HAUilX 

COMPOSI IF  S 

2B4356/0Ba 

dynamic 

Dynamic  rfspouSl  of  anisoiropic  laminated  Plates 
UNDER  IM  1 lAL.  stress  !£!  IMPAC  I OF -A  MASS  

204325/064 
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DYNAMIC 


ALUtllNUM  ALLOY  -7Jl  7S- T 1 SI  A.l  1C  AUD-UYNArtlC -«»JUa227/ 099 

F^^AtTU«t  PFuPLt^TItS 


DhAC 

USE  OF  INF.  LXRFKFmFnTAI  POOKWATX  DIAGRAM  FOR 

DfaAL  ^TtE-L  ID  JfiltHF'.Htl  1 IS  CURHUSlO.V-BtHAVlOR 

IN  aqueous  MF'uIa 

^04(560/01  3 

D-L AMINAW 

TuE  CAROn.-l-CARHUN  ASSFSSNFNT  PRUOhAM  SORRLEMEnI 
<1,  ARF-F  i„f.' 1 X n-IAMlNAR  Fi  (i«  IFSTlUi,  AnU  kFSIlll.S 

HOoSoP/OR  3 

EaRFM-CuOAL  F 

Physical  rruperiils  of  hare  tARFH-cuSALF  magnets 

£109377/031 

EARFH-CUUAL  I 

.maNUF  aL  lUKlNG  NLFtiUUS  F uR  PiiOUUL  T.ILIN.  UF  .KAHC 

FARFN-CUNaL  1 MAGM.FS  F On  APFM.ICATION  in  MOTuRS 

£>0960x1/096 

FLAST  IC 

FLASriL  WESROnSF  uF  wuStllE  CYLINDERS  UNDER 
AxISYMMtiRiC  LOADING  

t?09999/06h 

ELASTCIHYOHOOYNA 

analysis  OF  FILM  IHic^NtSS  LFFECI  IN  SLUYl-SPEED 

L IGmTLY-LOADFD  FI  /sSiriKYORUOYNAMIC  CUNFALFS  PART 

1 1 

£0.91/7/061  _ 

El.ASTU^^tW 

NIGH  FEKFORNANCt  LLaSIOF.ER.REINFOkCING  .. 

materials,  pari  Iv 

£0919S/Ob3 

ELASTuMEf^FC 

LUNG  lTFF  FLASTumlRIC  AIRCRAFI  hYORAULIC  SEALS 
Pari  III 

£09  3/8/OSS 

EL  ASTCJMLKIC 

Ni(jK  PERFU.R.nANCL  elastomeric  SEALING  SYSTEMS  .. 
Part  V 

£09663/OS3 

FI.  ASTQMtRS 

flfvaieu  iFimperaTuRE  eiasiomfrs  for  Integral 

FOIL  tank  sealants  hart  YI 

£09  /03/OSl 

ELASTiJMEWS 

elastomers  FOR  L I GO ID  ROCKET  PROPLLLANJ  

COMT  A 1 nmF  ,nT 

.£095£9/0S£ 

electrically 

F.LELTkICALLY  LOnDuCFIvE  CuAFInc;  materials 

£09 1 37/0S8 

FLECTkOMAONf  TIC  WfeSFAKCti  AN,)  DFYFLOHMtNI  (IN  CHAWALTfcRlZAT  ION  OF  «?0aa66/0£?h 
ELtCTKO.')Ai,NtTlC  iATL^IaLS . ...  _ 


ELECTHOMA(iNtTiC  El  t L T KOM  Ai^NL  I 1 C GLNLWAHON  UF  ELEC  I rlDNI  CALL  Y _ 20«398/0if9 

SIEtRhD  OLTKASriT^IL  bULK 


F.lELTkON  IMHACT  UiN'I/aUhn  OuSS  SECTIONS  OF  ?006bl/031 

(jULJ#  ChI-’OMIU  ’ and  IKON 

J 

4 


L 


fleltkon 
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EL£CTJ<On  -- 


SCAMNltviU  LLLU-RUM.  JiiCriOaCOP-X^— IUN-3£.AXJ-£fii-Mb  AAiQ  ^0Jl3-i>3/0y9  - 

SfcCUNOAkY  ION  ^^ASS  SPEC  1 WUMf!  TkY  10  LHAKACTfcPlZE 


AOPAk^  tJl  " aiiHh  R 1 " F A Tl  IIkP A.iHF  T \/^ Mni>i£l 

elelthon  

-MuLtCoLAfi  SPtCXUOSCORJr-  EiX - iJvEOAiiJXE  EXtXTKOli-- 
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Interlaminar 


INVESTIGA I ION  OF  LAGF  AnD  HEARl.iG  InS  I AblLl.lJr  J-N  OESPUN  AHIENNA  BLAHINGS  DUE  10 
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OPT  1C  AT.  OFTFCIlUN  OF  tiLlHASllUNt)  In  PAPAhAGNF  T TC  CBYSTALS 
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20«17«/0SJ 


Physical  PROPERJiES.ot  .kahe  EJ^RiH-cuaALi-.MAUNLTs 


TIPPTNrJE  ELEMENT  MijOELS 


?oai77/oii 
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THERMAL.  KfLHANirAL,.  AND  kPTI 


20<ia68/098 


THEKMQGkAVIMUHIC-MaSS  SPi^riRDMETt^lL  polymfk  analysis 


204389/06/ 


THtK‘*OSIRUCruiKAL  TEST  INI,  UE.  iNSIRiJMt 
AFFI1L50  MW  FAClUTr 


IPS  IN  THE 
204S40/101 


THREE-DIMENSIONAL  FINITE  EUEMfeNl  STRESS  ANALVSIvS  UF  LAMINATED.  PlA  lES  CONTAINING 
A CIRCULAR  hole  20460S/08S 


three-dimensional  SIRESS  ANALYSIS  Of  A LAMtNALED  PLATE  CONTAtNlNG  An  EIITPTFCAI 
CAVITY  204b0h/080 


USE  OF  fUE  experimental  POUKBaIa  OlAJiRAp JE.QR.  U6AC  STEEL  TO  1N1L.RPKE I ITS  CORROSION 
BEHAVIOR  In  ADuEOUS  mFDIA  204360/014 


vaporization  of  grarhihc  materials  at  high,  mass  JRANSFER  RAIES. 


204b42/102 


water  DRJTje  BHEAMJR-IMRACT  damage  THKESHULUS 


204610/IOS 


weathering  EFEELTS  on  AIReRAFI  CPATING.JYSIXMS 


204603/092 


235 


PROJECT  AND  TASK  NUMBERS 
Listed  by  Division  and  Branch 
Division  and  Branch  Pro.lect  Number  Task  Number 


1 


AFML/LTE  521-5 

” 523-3 

" 538-U 

" 610-3 

" 7371  01 

LTM  107-2 

" 109-2 

" 120-2 

" 752-J+ 

" 753-UA 

" 755-J+ 

" 817-5 


f» 

81*6-3 

It 

7381 

02 

It 

780IF 

LTN 

30l*-lt 

tf 

316-1* 

tt 

1*02-3 

ti 

1*08-1* 

tt 

1*10-2 

tt 

1*19-1* 

AFML/MBC 

ILIR 

00 

tt 

291I* 

03 

tt 

7320 

01 

It 

tt 

02 

tt 

731*0 

01 

It 

It 

02 

ft 

tt 

03 

tt 

It 

oi* 

ft 

731*2 

02 

MBE 

ILIR 

00 

It 

731*0 

01 

tt 

tt 

02 

tt 

tt 

05 

tt 

It 

07 

MBM 

ILIR 

00 

ft 

2279 

01 

ft 

731*0 

02 

tt 

tt 

03 

It 

731*2 

02 

MBP 

731*0 

oi* 

tt 

731*2 

01 

tt 

It 

03 

ft 

7360 

05 

MBT 

ILIR 

00 

tt 

731*0 

08 

PROJECT  AND  TASK  NUMBERS  (continued) 
Division  and  Branch  Project  Number  Task  Number 


AFML/MBT 

73^*2 

01 

tt 

73U3 

01 

»l 

II 

02 

II 

If 

03 

APML/MXA 

7351 

09 

ft 

7381 

07 

MXE 

12l»U 

01 

II 

7381 

01 

II 

It 

06 

II 

II 

07 

MXS 

627A 

00 

If 

7381 

02 

II 

It 

03 

AFML/TUA 

7360 

05 

AFML/XR 

N/A 

238 

oU.S.Qovarnment  Printing  Office  1977  — 757-080/192 


